Preparation and Physico-Chemical Properties of Some 'Organic-Inorganic' Hybrid Cation-Exchange Materials by Khan, Anish
S U B M I T U D IN PARTIAL Fl>Lt JL.V.LNr Oh THE REQUIRF MKNT: 
FOR THE AV*"^" ' ' >^ n.C r^ f .- ._ot r r rz 
A\ film 
IN 
i \ i 
INDER THE SUPERVISION OF 
()!; PAR rMI: NT o r APPLIED CHEMISTRY 
! ACUl TY OF ENGiNEERING AND TECHNOLOGY 
A U G A R H MUSLIM UNIVERSITY 
ALTGARH (INDIA) 
.(A..; N )r 
. e ' * 
I 5 JUL 7ro9 
Dr.AsifAHKhan AUgavh MusUm University 
Reader ALIGARH-202002 (INDIA) 
Phone: +91 :700920-23 Ex.3000 (office), +91 (0571) 2720323 
[jnail: asilknaiU-t)()3 (/ xahoo.com 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING AND TECHNOLOGY 
This is to certify that the dissertation entitled "Preparation and 
physico-chemical properties of some 'organic-inorganic' hybrid 
cation-exchange materials." submitted in partial fiilfillment for the 
award of Master of Philosophy Degree in Applied Chemistry, is a 
bonafide research work carried out by Mr. Anish Khan, under my 
guidance and supervision. This is his original work and has not been 
submitted for any other degree. 
Dated: Z- ^ (^ 7 ^ ^ ^ (ASIF ALI KHAN) 
DEDICATION 
This Dissertation 
Is 
Dedicated To My 
Late 
Father 
Anish Khan AUgarh MusUm University 
M.Sc. (Org. Chemistry) A L I G A R H - 2 0 2 0 0 2 
(INDIA) 
Email: anishk.han97'^ "-"'^ '''T^m-iii ,v r^n 
DEPARTMENT OF APPLIED CHEMISTRY 
FACULTY OF ENGINEERING AND TECHNOLOGY 
Acknowledgement 
I thanks to Almighty Allah who bestowed upon me the capability to 
achieve this target and many persons who have been so generous and 
helpful during the entire work of study. 
It is indeed a matter of great pleasure for me, to express my 
indebtedness for the bounties. I have been the beneficiary of by virtue of 
being a student of this dream flower of Sir Syed Ahmad Khan, I owe 
much to my Almamater. 
I wish to express my deep sense of gratitude to my supervisor 
Dr.Asif Ali khan, Department of Applied Chemistry, Faculty of 
Engineering and Technology, Aligarh Muslim University, Aligarh, for 
suggesting me this problem and for giving expert guidance, encouragement 
and offering constructive criticism throughout this research work. 
I express my profound Prof. H.S. Rathore, Chairman, Applied 
Chemistry for their help and cooperation in this fruitful task 
I also want to express my gratitude to all teachers, non-teaching staff 
and research scholars of the department of Applied chemistry for 
extending full cooperation and encouragement during my research studies. 
Next, I would like to thank most sincerely to my senior 
Mr.Inamuddin (SRF) for giving me valuable suggestions during this 
research work. I am also thankful to my lab mates Mr.Mohd.Khalid, 
Mr. Sirajjuddin, Miss. Atika Khatoon and Miss.Tabassum Akhtar 
for their support and helping me at different stages of my research work. 
My sincere thanks are due to my sister Miss. Shazda Khan towards 
supporting me in facing many odds during the whole tenure of my study. 
I am particularly indebted to all my friends specially Mr.Sanjay 
Deshwal and Mr Trilok Chand Sagar for their support and cooperation 
in keeping my interest alive before and during my research period. 
The painstaking Job of financial support by brother Mr. Nafees 
Khan is highly appreciated. 
Assistance provided by the R.S.I.C. Bombay, I.I.T. Delhi and I.I.T. 
Roorki to carry out some instrumental analysis and financial assistance 
provided by the U.G.C. funded project and A.M.U. also thankful. 
Last but not the least, I find myself short of words to express my 
indebtness to my parents, sisters, brother in laws, for their sustained 
inspiration and encouragement. 
(ANISHKHAN; 
CONTENTS 
Page No. 
List of Table i 
List of Figure iii 
Chapter-1 General Introduction 
1. L Composite Materials 1 
1.1.1. Micro-molecular Composite 1 
1.1.2. Nano-composite 2 
1.2. Ion-Exchange Properties of Materials 2 
1.2.1. Ion-Exchange Phenomenon & Its Historical Background2 
1.2.2. Ion-exchange Chromatography 6 
1.2.3. Ion-Exchange Process and Its Mechanism 7 
1.2.4. Ion-Exchange Materials: An Introduction and Literature Review 9 
1.2.4.1. Inorganic Ion-Exchange Materials 10 
1.2.4.2. Organic Ion-Exchange Materials 15 
1.2.4.3. Chelating Ion-Exchange Materials 17 
1.2.4.4. Intercalation Ion-Exchangers 18 
1.2.4.5. 'Organic-Inorganic' Composite Ion-Exchange Materials 20 
1.2.4.5.1. Micromolecular 20 
1.2.4.5.2. Nano-composite 22 
1.2.5. Applications of Ion-Exchange Materials 23 
1.3. Membrane an Introduction 25 
1.3.1. Ion-Selective Electrodes 26 
1.3.1.1. Physico-chemical Properties of Ion-Selective Electrodes 27 
1.3.1.1.1. Electrode response or membrane potential 27 
1.3.1.1.2. Selectivity coefficients 31 
1.3.1.1.3. Response Time 35 
1.3.1.1.4.EfrectofpH 35 
1.3.1.1.5. Life span o f Membrane Electrode 36 
1.3.2. Literature Review on Membranes and Ion-Selective Electrodes 36 
1.4. Objectives 42 
REFERENCES 43 
Chapter-2 Preparation and Characterization of New 
and Novel Organic-inorganic Composite 
Cation-Exchange iViaterial: Poly-o-toluidine 
Th(1 V)phosphate 
2.1. Introduction 51 
2.2.Experimental 53 
2.2.1. Chemicals and reagents 53 
2.2.2. Instrumentation 53 
2.2.3. Preparation of Organic-Inorganic Composite Cation Exchange 
Material 5j 
2.2.3.1. Preparation of reagent solutions 55 
2.2.3.2. Synthesis of polymer 55 
2.2.3.2.1. Synthesis of poly-o-toluidine 55 
2.2.3.3. Synthesis of Inorganic Precipitate 55 
2.2.3 3.1. Synthesis ofthorium (IV) phosphate 55 
2.2.3.4. Preparation of Organic-Inorganic nano-Composite 56 
2.2.3.4.1.Preparation of Poly-o-toluidine thorium (IV) Phosphate Nano-
composite 56 
2.2.4. Physico-chemical Properties of Poly-o-toluidine Th(IV) phosphate Nano-
composite Composite Cation-Exchange Material 57 
2.2.4.1. Chemical Dissolution 57 
2.2.4.2. Heat treatment 57 
2.2.4.3. Chemical Composition 60 
2.2.4.4 TEM (Transmission Electron Microscopy) 60 
2.2.4.5. SEM (Scanning Electron Microscopy) Studies 60 
2.2.4.6. X- ray Analysis 60 
2.2.4.7. FTIR (Fourier Transform Infra Red) Studies 62 
2.2.4.8. Thermal (TGA and DTA) Studies 62 
2. 3. Results and discussions 63 
2.3.1. Preparation of Poly-o-toluididne Th(lV) phosphate Nano-composite63 
2.3.2. Chemical stability 64 
64 
2.3.3. Thermal stability 
2.3.4. TEM (Transmission Electron Microscopy) Studies 65 
2.3.5. SEM (Scanning Electron Microscopy) studies 65 
2.3.6. X-ray Studies 65 
2.3.7. FTIR Studies 65 
2.3.8. TGA and DTA Studies 69 
2.3.9. Chemical Composition Studies and Chemical Structure 69 
REFERENCES 74 
Chapter-3 Ion-Exchange Behavior of Poly-o-toluidine 
Th(1 V)phosphateNano-composite Material 
3.1. Introduction 77 
3.2. Experimental 79 
3.2.1. Reagents and Chemicals 79 
3.2.2. Instrumentation 79 
3.2.3. Preparation of poly-o-toludineTh(lV)phosphate 79 
3.3. Ion Exchange Properties of Poly-o-toluidine Th(IV) Phosphate Nano- composite 
81 
3.3.1. Ion-Exchange Capacity (i. e.c.) 81 
i. 3.2. Effect of Eluant Concentration 81 
3.3.3. Elution Behavior 81 
3.3.4. pH-Titration 83 
3.3.5. Thermal Effect on Ion-Exchange Capacity (i.e.c.) 86 
3.3.6. Selectivity (sorption) Studies 86 
3.3.7. Separation Factor 88 
3.4. Result and discussions 89 
3.4.1. pH Titration 89 
3.4.2. Thermal Effect on Ion Exchange Capacity 92 
3.4.3. Selectivity Studies 92 
3.4.4. Separation Factor 95 
REFERENCES 96 
Chapter-4 Preparation and characterization of poiy-o-
toluidine Tli(1V)piiosphate Nano-composite 
Cation-Exchanger Based Ion-Exchanger 
iVIembrane and Ion-Selective Membrane 
Electrode 
4.1. Introduction 99 
4.2. Experimental 
4.2.1. Reagents and Instruments 101 
4.2.2. Preparation of Electro-active Phase: Poly-o-toluidine (1 V)phosphate Nano-
composite Cation Exchanger 101 
4.2.3. Preparation of Ion-Exchange Membrane 102 
4.2.4. Preparation of Poly-o-toluidine Th( 1 V)phosphate Membrane 102 
4.3. Characterization of Membrane 102 
4.3.1. Water Content (% Total Wet Weight) 102 
4.3.2. Porosity 103 
4.3.2. Porosity 103 
4.4. Fabrication of Ion -Selective Membrane electrode 104 
4.5. Electrode Response or Membrane Potential 104 
4.6. Effect of pH 105 
4.7. The response time 105 
4.8. Life Span of The Membrane 109 
4.9. Results and Discussion 112 
4.9.1. Characterization of Composite Cation-Exchanger Membrane 112 
4.9.2. Potentiometeric Studies of Heterogeneous Poly-o-toluidine Th (IV) 
phosphate Nano-composite Membrane Electrode 112 
4.9.3. Determination of Hg by Potentiometer Titration's Using Poly-o-toluidine 
Th( 1V) phosphate Nano-composite Membrane Electrode 117 
REFERENCES 119 
Chapter-5 Conclusion 
5.1. Conclusions 121 
5.2. Possible Applications 124 
5.3. Suggestions for Future Work 125 
List Of Tables 
Page no. 
Table 2.1 
Conditions of preparation and the ion-exchange capacity of poly-o-toluidine 'rh(lV) 
phosphate nano-composite cation exchange materials: 58 
Table 2.2 
Thermal stability of poly-o-toluidine Th(l V) phosphate(S3) nano-composite catione-
exchanger after heating to various temperatures for one hour 59 
Table: 2.3 
Percent composition of poly-o-toluidine Th(l V) phosphate nano-composite cation 
exchanger 61 
Table; 2.4 
FTIR peak positions (cm"') of poly-o-toluodine Th(lV)phosphate (S-3) nano-
composite cation-exchanger 71 
Table 3.1 
Conditions of preparation and the ion-exchange capacity of poly o-toluidine Th(lV) 
phosphate nano-composite cation-exchange materials 80 
Table 3.2 
Ion-exchange capacity of various exchanging ions on poly-o-toluidineTh( 1V) 
phosphate nano composite cation exchanger 82 
Table: 3.3 
Effect of eluant concentration on ion-exchange capacity of poly-o-toluidine'fh(l V) 
phosphate nano-composite cation exchanger 84 
Table 3.4 
Effect of temperature on ion-exchange capacity of poIy-o-toluidineTh(I V)phosphate 
nano-composite cation exchanger on heating time for 1 hour 87 
Table 3.5 
Separation factor of different metal ions on poly-o-toluidine Th(l V) phosphate nano-
composite cation exchanger materials 93 
Table 3.6 
Kd-values of some metal ions on poly-o-toluidine Th(l V)phosphate nano-composite 
cation exchanger column in different solvent system 94 
Table 4.1 
Effect of pH on electrode response of He ion selective poly-o-toluidine 
Th( 1 V)phosphate membrane electrode (at 1 x 10 M ) 107 
Table 4.2 
Response of Hg^^ ion selective membrsane poly-o-toludine Th(lV) 
phosphate membrane electrode at different time intervals at ( 1 x 10"^  M ) 111 
Table 4.3 
Characterization of ion-exchange membrane 113 
Table 4.4 
Selectivity coefficient values for Hg^^ selective poly-o-toluidine Th(l V)phosphate-
PVC membrane electrode of mercury ions 108. 
List of figures 
Page No. 
Fig 1.1. 
Tentative structure of polypyrrole Th(IV) phosphate (a) and polyaniline Sn(IV) 
phosphate (b) organic-inorganic composite cation-exchangers. 22 
Fig. 2.1. 
Transmission electron microphotographs (TEM) of poly-o-toluidine Th (IV) 
phosphate showmg different particle size. 
66 
Fig 2. 2. 
Fig 2.1 Fig. 2.2. Scanning electron microphotographs (SEM) of poly-o-toluidine 
at the magnifications of 7.00 K X (a), Th(IV) phosphate at the magnification of 
4.00 K X (b) and poly-o-toluidine Th(IV) phosphate (c) at the magnification of 
7.00 K X. 
67 
Fig 2. 3. 
Power X-ray diffraction pattern of poly-o-toluidine Th(lV) phosphate nano-
composite 68 
Fig 2.4. 
FTIR spectra of as prepared Th(l V) phosphate(a), poly-o-toluidine(b), and poly-
o-toluidine Th(l V) phosphate nano-composite cation-exchanger (c). 
70 
Fig 2.5. 
Simultaneous TGA-DTA curves of poly-o-toluidine Th(l V) phosphate (as 
prepared) 
72 
Fig 3. 3. 
pH -titration curves for poly-o-toluidine Th (1V) phosphate nano-composite 
cation-exchanger 85 
Fig 3 .1. Concentration plot of poly-o-toluidine Th(l V) phosphate 90 
111 
Fig 3. 2. 
The elution behavior of poly-o-toluidine Th (1V) phosphate cation-exchange 
material. 
91 
Fig 4 .1 . 
Calibration curve of poly-o-toluidine Th(l V) phosphate- araldite membrane 
electrode in aqueous solutions of Hg(N03)2. 106 
Fig 4. 2. 
Effect of p"on the potential response of the poly-o-toluidine Th(l V) phosphate-
araldite membrane electrode a 1 x 10"^ M Pb^^ concentration 110 
Fig 4. 3. 
Time response curve of poly-o-toluidine Th(l V) phosphate-poly-vinyl chloride 
membrane electrode 118 
Fig 4. 4. 
Potentiometric of Hg(II) against EDTA solution using poly-o-
toluidine Th( 1V) phosphate -araldite membrane electrode 116 
IV 
Chapter-1 
General Introduction 
1.1. Composite Materials 
The term "composite materials" may, perhaps, be simply defined on the 
classical definition of a composite material as given in Longman's dictionary 
"something combining the typical or essential characteristics of individuals 
making up a group". Thus composite materials are those, which are formed by the 
combination of one or more other materials with a polymer matrix to produce a 
material with a combination of desirable properties from individual components 
[1]. Thus, in addition, the constituent phases must be chemically dissimilar and 
separated by a distinct interface. In designing composite materials, scientists and 
engmeers have ingeniously combined various metals, ceramics, and polymers to 
produce a new generation of extraordinary materials. Most composites have been 
created to improve combinations of mechanical characteristics such as stiffness, 
toughness, and ambient and high temperature strength. On the basis of molecular 
size they are two types: 
1.1.1. Micro-molecular Composite 
The composite having molecular size bigger than the nano size (1-100 
nm) is micro-molecuIar composite. Fibrous composite ion-exchangers consist of 
uniform size ranging in diameter between 5-50|am while granular resins have 
particles size ranging in diameter 0.25-lum. Composite materials formed by the 
combination of organic polymers and inorganic materials are attractive for the 
purpose of creating high performance or high functional polymeric material 
termed as "organic-inorganic hybrid materials 
1.1.2. Nano-composite 
The definition of nano composite has broadened significantly to encompass 
large varieties of systems such as one-dimensional, two-dimensional, three-
dimensional and amorphous materials. Nano science is the study of the 
fundamental principle of molecule and structures with at least dimensions roughly 
between 1 and 100 nanometers. These structures are appropriately termed 
nanostructures. Nanostructures are the smallest solid things possible to make and 
are described as being at the confluence of the smallest of human-made devices. 
1.2. Ion-Exchange Properties ofMaterials 
1.2.1. Ion-Exchange Phenomenon & Its Historical Background 
The phenomenon of ion exchange is not of a recent origin. Many million 
years ago it had occurred in various sections of the globe. For example, some ions 
like potassium and lithium of patalite of pegmatite veins had been replaced with 
rubidium and cesium ions of step wisely fluid from the mega. This is nothing but 
ion-exchange phenomenon between minerals like patalite (solid phase) and fused 
salt fluid (liquid phase)[2] It is well known that ion exchange has been playing 
very important roles during the course of weathering; aqueous rocks, clay rocks 
and soils being very eiTective ion-exchangers. Since life had been created in the 
sea, ion-exchange through bio-membranes between living organs and outside 
matters has been giving the essential motive forces to life and its evolution. The 
earliest of the references were found in the Holy Bible establishing Moses' priority 
that succeeded in preparing drinking water from brackish water [3], by an ion-
exchange method. Later on, Aristotle found the seawater loses part of its salt 
contents when percolated through certain sand [4]. In Egypt and Greece as well as 
in China, ancient people were clever enough to use some soils, sands, natural 
zeolites and plants as the tools for improving the quality of drinking water by way 
of desalting or softening. However, they were not aware of the actual phenomenon 
occurring in the process. Basically, ion exchange is a process of nature occurring 
throughout the ages before the dawn of civilization, has been embraced by 
analytical chemists to make use of difficult separation easier and possible. 
Francis Bacon in 1623 brought the intentional use of ion exchange, without 
knowledge of its theoretical nature, based purely on empirical experiences and he 
described a method for removing salts from seawater. The first half of the 19"' 
century was characterized by the appearance of the first information leading to the 
discovery of the ion-exchange principle, based primarily on the work of soil 
chemists. Thompson, Spence and Way in 1850 described independently that 
calcium and magnesium ions of certain types of soils could be exchanged for 
potassium and ammonium ions [5,6]. They defmed the special properties of soil as 
'base exchange'. In the second half of the 19"' century, agro chemists published a 
great number of papers dealing with ion exchange in soils. Eichhorn (in 1858) 
demonstrated exchange processes are reversible in soils [7]. In 1859, Boedecker 
proposed an empirical equation describing the establishment of equilibrium on 
inorganic ion-exchange sorbents. In the 20th century, the majority chemists 
believed that the 'base exchange' in soils is nothing but a sort of absorption. 
Strong supports to ion-exchange come out with the synthesis of materials from 
clay, sand and sodium carbonate by Gans [8]. 
The discovery and development of the theory of ion exchange was reflected 
in practical applications. Gans [8] developed the basis for the synthesis and 
technical application of inorganic cation-exchangers at the beginning of the 20* 
century. He termed the amorphous cation-exchangers based on aluminosilicate 
gels "permutated", having broad application, were actually the first commercially 
available ion-exchangers. In 1917, Folin and Bell developed an analytical method 
based on these materials for the separation and collection of ammonia in urine [9]. 
However, the usefulness of these synthetic zeolites was limited because of their 
low chemical and mechanical stability, ion-exchange capacity that led the 
chemists to seek alternatives. During the period between the 1930s and 1940s, 
inorganic ion-exchange sorbents were replaced in almost all fields by the new 
organic ion-exchangers. The observation oiAdam and Holms [ 10] that the crushed 
phonograph records exhibit ion-exchange properties, eventually resulted in the 
more significant development of synthetic ion-exchange resins (high molecular 
weight organic polymers containing a large number of ionic functional groups) in 
1935. No scientist could then neglect ion-exchange phenomenon. However, it took 
nearly 85 years for the ion-exchange phenomenon to be fully recognized in 
chemistry since its scientific finding and understanding by Thompson and Way. 
Just as applications of the organic resins are limited by breakdown in 
aqueous systems at high temperatures and in presence of high ionizing radiation 
doses; for these reasons there had been a resurgence of interest in inorganic 
exchangers in the 1950s. One of the possible ways of solving these problems 
involved replacing the organic skeleton of the ion-exchanger by an inorganic 
skeleton. Pioneering work was carried out in this field by the research team at the 
Oak Ridge National University led by Kraus, and by the English team led by 
Amphlett. 
Further extensive research and study of inorganic ion-exchange sorbents 
were carried out in the 1960s and 1980s. Research led from the original 
amorphous type of ion-exchange sorbents to the study of crystalline ion-exchange 
materials. Clearfield and co-workers made great contributions in this area. Since 
last two decades, intense research has continued on the synthesis of a number of 
new 'organic-inorganic' composite materials having excellent properties that not 
only met the requirements of modern laboratories but also led to solution of 
previously insolvable problems. An interest of inorganic as well as composite ion-
exchange materials in ion-exchange operations in industries is increasing day by 
day as their field of applications is expanding. 
1.2.2. Ion-exchange Chromatography 
Ion-exchange chromatography, a powerful tool for chemical separations was 
the first of the various liquid chromatography (L. C) methods to be used under 
modern LC conditions. The wide scope of this technique is the product of the 
labors of many people. It has grown in response to practical needs. Most 
environmental samples have complex composition, thus separation and 
preconcentration of analyses are essential for accurately as well as precisely trace 
determination of elements in environmental samples. Ion-exchange 
chromatography is an excellent technique that permits selective separation by the 
appropriate combination of ion-exchanger and eluent. Columns of ion-exchange 
materials have been extensively used for the separation of amino acids, inorganic 
ions (especially rare earths), multi-components of alloys, heavy metals in 
industrial effluents and fission products of radioactive elements [11,12]; as well as 
organic ions and organic compounds that are not ionized at all. 
Ion-exchange chromatography uses an ion-exchange material as stationary 
phase and in size exclusion chromatography separation takes place as a function of 
the size of the porous media, used as stationary phase. These are actually arbitrary 
classification of chromatography and some types of chromatography are 
considered together as a separate technique. 
1.2.3. Ion-Exchange Process and Its Mechanism 
The ion-exchange process became established as an analytical tool in 
laboratories and in industries, as chiefly practical chemists interested in effects and 
performance etc studied it. The primary condition of an ion-exchange process is 
the stoichiometry. In organic resins, it is an established fact [13]. The exchange of 
ion takes place stoichiometrically, really by the effective exchange of ions 
between two immiscible phases, stationary and mobile. A typical ion-exchange 
reaction may be represented as follows. 
AX + B(aq) 4 • B X + A ( a q ) 11 
Where A and B (taking part in ion exchange) are the replaceable ions, and X is the 
structural unit (matrix) of the ion-exchanger. Bar indicates the exchanger phase 
and (aq) represents the aqueous phase. 
In order to describe equilibrium and to understand the mechanism of an 
ion-exchange process occurring on the surface of exchanger and to evaluate its 
theoretical behavior, it is important to have a study of its kinetics and 
thermodynamics Since inorganic ion-exchangers possess a rigid matrix they do 
not swell appreciably and hence such studies are simpler to perform on them as 
compared to the organic resins that swell appreciably. Ion-exchange equilibrium 
may be described by two theoretical approaches viz (i) Based on law of mass 
action, and (ii) Based on Donnan theory. 
From the theoretical point of view the Donnan theory has an advantage of 
permitting a more elegant interpretation of thermodynamic behavior in an ion-
exchanger. Probably, it was the first time when quantitative formation of ion-
exchange equilibrium had been made by Gane [14] byusin g the mass action law 
in its simplest form without involving the concept of activity coefficients. This 
concept was further accounted by Kielland [15] and finally, a suitable choice of 
general treatment was given by Gaines and Thomas [16]. Many workers have 
studied the thermodynamics of cation-exchange on zirconium (IV) phosphate [17-
20]. In a series of papers, the effect of crystallinity on the thermodynamics of ion-
exchange of alkali metal ions/H^ ions on the samples of a -zirconium phosphate 
was examined. Ion-exchange isotherms and calorimetric heats of exchange were 
determmed on samples varying from amorphous to highly crystalline [21-25]. 
However, from the practical point of view, the mass action approach is 
simpler. Nancollas and coworkers [26,27] have interpreted the thermo dynamical 
functions in term of the binding nature between alkali metals and the ion exchange 
matrix. The ion-exchange equilibria of Li(I), Na(I) and K(I) on zirconium (IV) 
phosphate have also been studied by Ixirsen and Vissers [28] who calculated the 
equilibrium constants and other thermo dynamical parameters viz. AG'\ AH" and 
A^'. Similar studies have been made on anion-exchanger also [39]. Ion-exchange 
equilibria of alkaline earth metal ions on different inorganic ion-exchangers such 
as tantalum arsenate [30], iron (III) antimonate [3 I ], antimony (V) silicate [32,33], 
zirconium (IV) phosphosilicate [34,35] and alkali metal ions on iron (III) 
antimonate [36] and a -cerium phosphate [37]. Other interesting thermodynamic 
studies relate to the adsorption of pesticides on inorganic and composite ion-
exchangers have also been studied in these laboratories [38,39]. The study has 
revealed that the adsorption is higher at lower temperature and the presence of an 
ion-exchange material in soil greatly enhances its adsorption capability for the 
pesticides. Nachod and Wood [40] have made the first and detailed attempt on 
kinetic studies of ion-exchange. They have studied the reaction rate with which 
ions from solutions are removed by a solid ion-exchangers or conversely the rate 
with which the exchangeable ions are released from the exchanger. Later on Boyd 
et al. [41] have studied the kinetics of metal ions upon the resin beads and have 
given a clear understanding about the particle and film diffusion phenomenon that 
govern the ion-exchange processes. The former is valid at higher concentrations 
while the later at lower concentrations. Reichenberg had studied the kinetic of 
metal ions on sulphonated polystyrene. Who again, confirmed that at high 
concentrations the rate is independent of the ingoing ion (particle diffusion); while 
at low concentrations the reverse is true (film diffusion). 
1.2.4. Ion-Exchange Materials: An Introduction and Literature Review 
1.2.4.1. Inorganic Ion-Exchange Materials 
Creating chemical compounds with the desired physical and chemical 
properties produces synthetic ion-exchangers. On the basis of chemical 
characteristics of synthetic inorganic ion-exchangers are classified as follows: 
• Synthetic zeolites (aluminosilicates) 
• Hydrous oxides of metais 
P- Acidic sahs of polyvalent metals 
• Insoluble salts of heieropoiyacias 
• Insoluble hydrated metal hexacyanoferrate (II) and (III) (Ferro cyanides) 
• Other substances with weak exchange properties 
Zeolites were the first inorganic materials to be used for the large-scale 
removal of waste effluents. Zeolites are crystalline alumino-silicate based 
materials and can be prepared as microcrystalline powders, pellets or beads. The 
main advantages of synthetic zeolites when compared with naturally occurring 
zeolites are that they can be engineered with a wide variety of chemical properties 
and pore sizes, and that they are stable at higher temperatures. 
The main limitations of synthetic zeolites are that: 
• They have a relatively high cost compared with natural zeolites; 
• They have a limited chemical stability at extreme pH ranges (either high or 
low); 
• Their ion specificity is susceptible to interference from similar sized ions; 
• The materials tend to be brittle, which limits their mechanical stability. 
The selectivity and capacity of zeolites can provide a satisfactory 
processing of low strength saU solutions. The actual processing capacities obtained 
with zeolites are lower than their maximum capacities since the bed is changed at 
the early stages of breakthrough and because the waste streams usually contain 
other ions that will occupy some of the exchange sites and therefore reduce the 
processing capacity. Synthetic silica based ion-exchangers were produced for 
technical purpose by fusing soda, potassium carbonate, feldspar and kaolinite 
(Schmaltz permutite) and later from aluminum sulfate solution containing sodium 
silicate by precipitation with sodium hydroxide solution (Gel permutite). Since 
then artificial crystalline zeolites have also been successfully synthesized. The 
advantageous properties of the crystalline silicate based ion-exchanger with the 
modem synthetic resin based ion-exchangers are as follows: they are less 
sensitive to higher temperatures, their structure are stiff and uniform and they are 
therefore more selective and suitable for separation of ions on the basis of their 
different sizes. Because of this, some of them are now also used as ionic or 
molecular sieves. In India a systematic investigation has been carried out to 
evaluate the performance of locally available synthetic zeolites for the removal of 
cesium, strontium and thorium from solution [42-44]. The zeolites, after exchange 
with cesium, strontium or thorium, were thermally treated to fix the ions 
successfully in the same matrix [45]. A locally available synthetic mordenite was 
used recently in a campaign to reduce activity in spent fuel storage pool water 
[46]. 
Hydrous oxides are of particular interest because most of them can function 
both cation and anion-exchangers, and at certain conditions, as amphoteric 
11 
exchangers. Their dissociation may be schematically represented as follows: 
M - O H • M' + OH" 12 
M - O H • M - 0 + H' 1.3 
(M represents the central atom) 
Scheme '1.2' is favored by acid conditions when the substance can function as 
anion-exchanger, and scheme ' 1.3' by alkaline conditions, when the substance can 
function as cation-exchanger. Near the isoelectric point [47], dissociation 
according to both schemes can take place and both type of exchange may occur 
simultaneously. The hydrous oxides may be divided into two main types termed 
particle hydrates and framework hydrates [48]. Particle hydrates are both cation 
and anion-exchangers. Most of the group 3,4,13, and 14 metals form hydrous 
oxides that belong to this group. Metals in groups 5 and 15 in their higher 
oxidation states generally form framework hydrates. The pyrochlore nature of 
crystalline hydrous antimony (V) oxide exchanger was revealed by powder X-ray 
diffraction, which was, established the composition as (H30)2Sb206 .XH2O [48]. 
Layered double hydroxides (LDHs) constitute an interesting and extensive class of 
layered compounds [49]. An excellent review on LDHs has been published by 
deRoy et al. [50]. 
Acidic salts of multivalent metals form by mixing the solutions of the 
salts of 111 and IV group elements of the periodic table with the more acidic salts. 
These salts, acting generally as cation-exchangers, are gel like or microcrystalline 
materials and possess mostly a high chemical, thermal and radiation stability. 
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Salts of heteropolyacids have a general formula Hn,X. Y12O40. nH20, where 
m = 3, 4 or 5, X can be phosphorous, arsenic, silicon, germanium or boron and Y, 
one of the elements such as molybdenum, tungsten or vanadium. The salts of 
heteropolyacids with small cations are more soluble in comparison to the salts 
with large cations. Their hydrolytic degradation occurs in strongly alkaline 
solutions. 
Insoluble Ferro cyanides can be precipitated by mixing the metal salt 
solutions with H4[Fe(CN)6 ], Na4[Fe(CN)6], or K4[Fe(CN)6] solutions. The 
composition of such precipitates may depend on the acidity, order of mixing and 
the initial ratio of the reacting components. They are chemically stable in acid 
solutions up to a concentration of 2 M. Cu and Co Ferro cyanides have been found 
to be radiation resistant. They have found various applications in analytical 
chemistry and in technological practice because of their highly selective ion-
exchange behavior and chemical and mechanical stability. In India potassium 
cobalt(II)-hexacyanoferrate(II) has emerged as a promising inorganic sorbent that 
can be prepared in a column-usable granular form that needs no resin support. A 5 
L column of sorbent was recently used to reduce the Cs activity in 12.000 L of 
ion- exchange regeneration waste from 3.7 x 10 Bq/mL to 3.7 Bq/mL'. The 
sorbent was also found suitable for removmg Cs from alkaline reprocessing 
waste containing a high concentration of sodium salts [51]. 
There is now enormous literature available to the ion-exchanger practitioner 
on the use of inorganic ion-exchangers. The literature review shows the materials 
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used as inorganic ion-exchangers have become an estabhshed class of materials of 
great analytical importance. The first monograph that is also of historical 
importance was written by one of the first research workers in the development of 
modern inorganic sorbents, C. B. Amphlett in 1964 [52], describes the beginning 
of the rapid development of this subject. Barrer wrote an excellent monograph on 
contemporary zeolite and clay minerals. In the 1980s, the monograph of the 
Clearfield el al. made a great contribution to the understanding of the structure and 
mechanism of sorption processes on the acidic salts of multivalent metals and 
hydrous oxides [53]. 
Insoluble polybasic acid salts of polyvalent metals have shown a great 
promise in preparative reproducibility, ion-exchange behavior, and both chemical 
and thermal behavior. Many metals such as aluminum, antimony, bismuth, cerium, 
cobalt, iron, lead, niobium, tin, tantalum, titanium, thorium, tungsten, uranium and 
zirconium have been used for the preparation of ion-exchange materials. Also a 
large number of anionic species such as phosphates, tungstate, molybdate, 
arsenate, antimonate, silicate, telluride, Ferro cyanide, vanadate, arsenophosphate, 
arsenotungstate, arsenomolybdate, arsenosilicate, arsenovanadate, 
phosphotungstate, phosphomolybdate, phosphosilicate, phosphovanadate, 
molybdosilicate and vanadosilicate etc. have been used to prepare inorganic ion-
exchangers. The majority of works carried out on zirconium, titanium, tin, 
niobium and tantalum. The literature survey reveals that a good volume of work 
has been carried out on single as well as three components (salts of 
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heteropolyacids) inorganic ion-exchangers of both amorphous and crystalHne 
nature. Inorganic ion-exchangers of double salts, based on tetravalent metal acid 
(TMA) salts often exhibit much better ion-exchange behavior as compared with 
single salts [54]. Khan el al. have published their findings on arsenophosphate 
[55], arsenosilicate [56] and hexacyanoferrate (11) [57] of tin(lV), and amine and 
silica based tin(IV) hexacyanoferrate(Il) [57,58]; arsenophosphate [59], silicate 
and phosphate [60] of antimony(V) cation-exchangers. Different phases of these 
ion-exchangers have been found selective for K ,^ Cd , Zr and Th and some 
kinetic and thermodynamic parameters for M '-H* exchangers have also been 
investigated on these cation-exchangers [61,62]. 
1.2.4.2. Organic Ion-Exchange Materials 
The largest groups of ion-exchangers available today are synthetic organic 
resins in a powdered (5-150 jam) or bead (0.5-2 mm diameter) form. The 
framework, or matrix, of the resins is a flexible random network of hydrocarbon 
chains. This matrix carries the ionic groups such as: - SO3", - COO ', -P03^",-As03 
etc. m cation-exchangers, and -Nil,', - NH2', - N , - S' etc. in anion-
exchangers. Ion-exchange resins thus are cross-linked polyelectrolytes. The resins 
are made insoluble by cross-linking the various hydrocarbon chains. The degree of 
cross-linking determines the mesh width of the matrix, swelling ability, movement 
of mobile ions, hardness and mechanical durability. Highly cross-linked resins are 
harder, more resistant to mechanical degradation, less porous and swell less m 
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solvents. When an organic-ion exchanger is placed in a solvent or solution it will 
expand or swell. The degree of swelling depends both on the characteristics of the 
solution/solvent and the exchanger itself and is influenced by a number of 
conditions, such as: 
• The solvent's polarity, 
• The degree of cross-linking, 
• The exchange capacity, 
• A strong or weak salvation tendency of the fixed ion groups, 
• The size and extent of the salvation of counter ions, 
• The concentration of the external solution, 
• The extent of the ionic dissociation of functional groups. 
The main advantages of synthetic organic ion-exchange resins are their 
high capacity, wide applicability, wide versatility and low cost relative to some 
synthetic inorganic media. The main limitations are their limited radiation and 
thermal stabilities. At a total absorbed radiation dose of 10 to 10 rads most 
organic resins will exhibit a severe reduction in their ion exchange capacity (10 to 
100% capacity loss), owing to physical degradation at both the molecular and 
macroscopic level. Cation-exchange resins are generally limited to operational 
temperatures below about 150 °C, while anion-exchange resins are usually limited 
to less than 70 C. This requires that some streams, such as reactor coolant water, 
be precooked substantially before their introduction to the ion-exchange media. 
1.2.4.3. Chelating Ion-Exchange Materials 
The use of ligand or complexing agent in solution in order to enhance the 
efficiency of separation of cation mixtures (e.g. lanthanide) using conventional 
cation or anion-exchange resins is well established. An alternative mode of 
application of complex formation is, however, the use of chelating resins that are 
ion-exchangers in which various chelating groups (e.g. dimethylglyoxime, 
iminoacetic acid etc.) have been incorporated and are attached to the resin matrix. 
These types of chelating ion-exchangers have been developed recently and their 
analytical applications explored [63]. Complexions have been used for the 
preparation of new chelating resins for separating metal ions on the basis of 
complex formation [64]. A number of such ion-exchangers have been prepared by 
the incorporation of ligands on resins [65], 8-hydroxy quinoline [66] sobbed on 
porasil is capable of separating metal ions at trace level. Ferrochrome black-T 
modified graphite columns have been used for the separation of metal ions [67], A 
PAN [l-(2-pyridylazo-2-napthol)] sobbed zinc silicate [68] has been used for the 
recovery of precious metal ions Pi'*' and Au'", and ammonium-molybdophosphate 
[69], has been used for the quantitative separation of Cs* ions. Separation and 
retention behavior of metal ions have been achieved on tetracycline hydrochloride 
coated alumina [70] and zirconium(iv) selenomolybdate [71], while tetracycline 
hydrochloride sobbed zirconium(iv) tungstophosphate chelating exchanger has 
been employed in the separation of La^' ions [72]. An important feature of 
chelating ion-exchangers is the greater selectivity, which they offer compared with 
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the conventional type of ion-exchanger. The affinity of a particular metal ion for a 
certain chelating resin depends mainly on the nature of the chelating group. And 
the selectivity behavior of the resin is largely based on the different stabilities of 
the metal complexes formed on the resin under the various pH conditions. 
L2.4.4. Intercalation Ion-Exchangers 
After the development of various types of inorganic ion-exchange 
materials, lately much interest has been developed in the study of pillared 
inorganic materials and intercalation compounds (new porous intercalates) that 
can be synthesized by introducing some organic molecules in the matrix of layered 
inorganic ion-exchangers. The main advantage of a pillared structure is that it 
allows ready access of large ions and complexes to the interior due to the increase 
in the inter layer distances and pore sizes. This is very useful in radioactive waste 
cleanup. Amongst the new developments of ion exchangers, intercalation 
compounds have played an important role in the field of separation science and 
technology. These compounds can be synthesized by introducing some organic 
ions or molecules in the matrix of inorganic ion exchangers. Alumina, kaolin, 
clays, bentonite, pectin, alginic acid etc. have been used as adsorbent with 
stimulated considerable interest in medical science throughout world. Hence, 
intercalation is a process in which neutral polar molecules are inserted between the 
sheets of a layered insoluble compound. 
Albert! et al. [73] have reported the synthesis and characterization of a new 
type of zirconium phosphate by the name of zirconium phosphate hemihydrate [a 
- Zr (HP04)o.5. H2O]. A large number of other new materials have also been 
prepared on zirconium phosphate by pillaring methods. Alberti and coworkers [74] 
have intercalated a-Zr(IV)(RP03)2H20 by phenyl containing -SO3H groups and y 
- Zr(IV)(P04)(H2P04).2H20 by crown ether. U. Coslanlino [75] has given a 
detailed description of intercalation of alkanols and glycols into a -Zr(HPO4).H20 
and also developed zirconium phosphate-phosphite [76]. Clearfield and Tindwa 
[77] have studied in detail the uptake of n-phenyl amine, n-butyl amine and 
ethylene diamine on a-Zr(HP04)2.H20. Dines et al. [78] have prepared 
monophenyl, diphenyl and triphenyl bridging pillared zirconium phosphates by 
using phenyl disulphonic acids to bridge across the layers. They have also shown 
that it is possible to form three - dimensional or pillared analogous of the 
phosphonates by utilizing a, 0 - diphosphonic acids. Varshney et ai, Rawat et al, 
Singh et al. and Qureshi et al. have also studied on amine tin(II) 
hexacyanoferrate(II) [79], tin(IV) diethanol amine [80], iron(lll) diethanol amine 
[81] and zirconium(IV) ethylene diamine [82] respectively. 
Recently, some intercalation ion-exchangers have been developed and 
reported in the literature. Hudson et al. [83] have reported the intercalation of 
monoamine into a- Sn(HP04)2.H20 and investigated the ion exchange behavior of 
amine in the presence of transition metal ions. Wang et al. have reported the 
selective separation of Cs*^  on zirconium phenyl diphosphonate phosphate [84]. 
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Chudasama et al. [85] synthesized a new inorganic-organic ion exchanger by 
anchoring p-chlorophenol to Zn(W04)2 and reported the material has a good ion-
exchange capacity and stabiHty. Malik et al. [86] have reported pyridinium 
tungstoarsenate, selective for Rb' and Cs^ and Singh et al. intercalated aniline into 
tin(IV) phosphate [87] and Zr(IV)phosphate, [(Zr02)2.(C6H5NH2)HP03. S.TH.O]; 
selective for Co^', Zn^', Cd^', Hg '^ [88]. Nabi el al. have reported the synthesis, 
characterization and analytical applications of Zr(IV) sulfosalicylate [89] 
(selective for Ag' and Hg^') and pyridiniuni-tin(rV) tungstoselenate [90]. 
1.2.4.5. 'Organic-Inorganic' Composite Ion-Exchange Materials 
1.2.4.5.1. Micromolecular 
Composite materials formed by the combination of organic polymers and 
inorganic materials are attractive for the purpose of creating'high performance or 
high functional polymeric material termed as "organic-inorganic hybrid 
materials." The composites having molecular size bigger than the miero scale rs 
macromolecular composite. The conversion of organic ion exchange materials into 
hybrid ion exchangers is the latest development in this discipline. The preparation 
of hybrid ion exchangers is carried out by the binding of organic polymers i.e. 
polyaniline, polyacrylonit'rile, polystyrene etc. These polymer based hybrid ion 
exchangers showed an improvement in a number of properties viz chemical, 
mechanical, radiation stability, improvement in ion-exchange properties and also 
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selective nature for the heavy toxic metal ions. One of the important properties of 
them is granulometric nature that makes it more suitable for the application in 
column operations. Hybrid ion exchangers can be prepared as three-dimensional 
porous materials in which layers are cross linked or as layered compounds 
containing sulphpnic acid, carboxylic acid or amino groups [91]. Some of the 
hybrid ion-exchangers prepared so far are pyridinium-tungstoarsenate [92] , 
zirconium (IV) sulphosalisylo phosphate (93-94)), styrene supported zirconium 
phosphate (95). Recently, some organic-inorganic composite ion-exchange 
materials have been developed in these laboratories. Khan et al. have reported 
polypyrrole Th(IV) phosphate [96], polyaniline Sn(lV) phosphate [97] (tentative 
structures are shown in Fig. 1.1a and b) polyaniline Sn(IV) arsenophosphate [98], 
polystyrene Zr(IV) tungstophosphate [99] and polypyrrole/polyantiminc acid 
[100], used for the selective separation of Pb , Hg ', Cd ', Hg , Hg , 
respectively, and ion-exchange kinetics of M^'-H' exchange and adsorption of 
pesticide [101], have also carried out on these materials. Beena Pandit et al. have 
synthesized such type of ion-exchange materials, i.e. o-chlorophenol Zr(lV) 
tungstate and p-chlorophenol Zr(IV) tungstate [102] pectin based Th(IV) 
phosphate [103], with great analytical applications have been investigated by 
Varshney et al. These materials can be used as ion-exchange membranes and ion 
selective electrodes [104-105]. Polyaniline Zr(lV) tungstophosphate has been 
synthesized by Gupta et al. [11 ], which was used for the selective separation of 
La"^ ' and UOj-
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Fig. 1.1. Tentative structure of polypyrrole Th(IV) phosphate (a) and polyanihne 
Sn(IV) phosphate (b) organic-inorganic composite cation-exchangers. 
1.2.4.5.2. Nano-composite 
The definition of nano composite has broadened significantly to 
encompass large varieties of systems such as one-dimensional, two-dimensional, 
three-dimensional and amorphous materials. Nano science is the study of the 
22 
fundamental principle of molecule and structures with at least dimensions roughly 
between 1 and 100 nanometers. These structures are appropriately termed 
nanostructures. Nanostructures are the smallest solid things possible to make and 
are described as being at the confluence of the smallest of human-made devices. 
The general class of nano- composite organic-inorganic material is a fast growing 
area of research. The properties of nano-composite material depend not only the 
properties of their individual parent but also their morphology and interfacial 
characteristics. Another exiting aspect is the possibility of creating hetro-structure 
composed of different kinds of inorganic layers, which could lead to new 
multifunctional materials. 
Inorganic layered material exist a great variety. They posses well defined, 
ordered inter-lamellar space potentially accessible by foreign species. This ability 
enables them to acts as matrices or host for polymers, yielding interesting hybrid 
nano-composite materials. Therefore, nano-composite promise new application in 
many field such as mechanically reinforced lightweight composites, non-linear 
optics, battery cathodes and ionics, nano-wires sensors and others systems 
Nano-composite offers the possibility to combine diver's properties, 
which are impossible within a single material, e.g. flexible mechanical properties 
and super conducting properties. 
1.2.5. Applications of Ion-Exchange Materials 
Ion-exchangers find applications in a wide variety of industrial, domestic, 
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governmental and laboratory operations. The composite ion-exchangers show 
some better granulometric properties that facilitates its stability in column 
operations especially for separation, filtration and preconcentration of ionic 
species. The column operation suitability makes it more convenient in 
regeneration of exhausted beds also. These hybrid ion-exchangers having good 
ion-exchange capacity, higher stabilities, reproducibility and selectivity for 
specific heavy metal ions indicating its useful environmental applications. As in 
general these materials have their applications in following disciplines: 
'r Water softening [8,106] 
> Separation and preconcentration of metal ions [107] 
> Nuclear separations [108] 
> Nuclear med icine [ 109] 
> Synthesis of organic pharmaceutical compounds [110] 
> Catalysis [111] 
> Redox systems [112] 
>- Electrodialysis [113] 
> Hydrometallurgy [114] 
> Effluent treatment [115] 
> Ion-exchange membranes 
> Chemical and biosensors 
> Ion memory effect [116] 
> Ion-exchange fibers [117,119] 
> Ion-selective electrodes 
> Proton conductors [120] 
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1.3. Membrane an Introduction 
A precise and complete definition of the word ''Membrane" is difficult to 
make, and any complete definition given to cover all the facets of membrane 
behavior will be incomplete. According to Sollner a membrane is a phase or 
structure interposed between two phases or compartments which obstructs or 
completely prevents gross mass movement between the later, but permits passage, 
with various degree of restriction of one or several species of particles from one to 
the other or between the two adjacent phases or compartments, which thereby 
acting as a physico-chemical machine transforms with various degree of efficiency 
according to its nature and composition of the two adjacent phases or 
compartment. In simple terms, it is described as a phase, usually heterogeneous, 
acting as barrier to the flow of molecular and ionic species present in the liquids 
and for vapors containing two surfaces. The term heterogeneous has been used to 
indicate the internal physical structure and external physico-chemical 
performance. From this point of view, most of the membranes in general are to be 
considered heterogeneous, despite the fact that, conventionally, membranes 
prepared from coherent gels have been called homogeneous. 
The usefulness of a membrane in a mass separation process is dclcrmined 
by its selectivity, by its chemical, mechanical and thermal stability and its overall 
mass transport rate. The chemical nature of the membrane material is of prime 
importance when components with more or less identical molecular dimensions 
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and similar chemical or electrical properties have to be separated. The chemical, 
mechanical and thermal stability of the membrane determines to a large extent its 
useful lifetime, especially when the feed solution contains strong solvents, strong 
oxidants and extremely low or high pH values, when the process has to be carried 
out at elevated temperatures or when frequent cleaning procedures of the 
membrane are required. The mechanical properties of a membrane are of special 
significance in pressure driven process such as reverse osmosis, ultra filtration, 
etc. Ideally, a membrane should not change its useful properties when it is derived 
out or when the composition of feed solution is changed drastically. For economic 
reasons, finally the flow rate of the permeable components through a given 
membrane area under a given driving force should be as high as possible to 
minimize investment costs which are generally propo]:tional to the membrane area 
installed to give a certain process capacity. To significantly expand the use of 
membranes in mass separation processes beyond their present applications, 
membranes with more specific transport properties, longer lifetimes and higher 
flux rates are required. 
1.3.1. Ion-Selective Electrodes 
Ion-selective electrodes are mainly membrane-based devices; consist of 
perm-selective ion-conducting materials, which separate the sample from the 
inside of the electrode. On the inside is a filling solution containing the ion of 
interest at a constant activity. The membrane is usually non-porous, water 
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insoluble and mechanically stable. The composition of the membrane is designed 
to yield a potential that is primarily due to the ion of interest (via selective binding 
processes, e.g. ion-exchange, which occur at the membrane-solution interface). 
The purpose is to fmd membranes that will selectively bind the analyte ions, 
leaving co-ions behind. Membrane materials, possessing different ion-recognition 
properties, have thus been developed to impart high selectivity. 
The Ion-Selective Electrodes (ISEs) are commonly known as "Ion Sensors" 
or "Electrochemical Sensors". The history of ion-selective electrodes in the past 
decade shows the typical behavior of expansion followed by consolidation. The 
rapid growth of new electrodes for ion activity measurement, new formats and 
new material of construction has given a way to more in prospective research on 
"How and Whys" of the functioning of various electrodes and extensive 
application studies, uses of ISEs as instrumental components and in diverse field, 
particularly in clinical and environmental chemistry. 
1.3.1.1. Physico-chemical Properties of Jon-Selective Electrodes 
In order to study the characteristics of the electrode, the following 
parameters were evaluated: electrode response or membrane potential, lower 
detection limit, slope response curve, response time, working pH range, etc. 
1.3.1.1.1. Electrode response or membrane potential 
The use of ion-selective electrodes depends on the determination of 
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potentials. The potentials cannot be determined directly but can be easily derived 
from the e.m.f. Values for the complete electrochemical cells which comprise the 
membrane separating solutions 1 and 2 as well as the two reference electrodes 
when the ion exchange membrane separates two solution 1 and 2 both containing 
the same counter ion or A, a membrane potential (Em) is developed across the 
membrane due to the diffusion of counter ions from the higher to the lower 
concentration. The membrane potential is expressed in equation (1.4): 
RT 
^AF \flA Jl 1 J 
Where A = counter ion, Y = co-ion, Z = charge on ions, ty = transference 
number of co-ions in the membrane phase, [aA]i and [aA]2 = activities of the 
counter ions in the solution 1 and 2, a± = mean ionic activity of the electrolyte. It 
is quite evident from the equation that 'Em' is the sum of diffusion and Donnan 
Potential. In equation (1.4) the right hand side consists of two terms, the first 
term represents the thermodynamic limiting value and the second term denotes 
the diffusion potential due to co-ion flux membrane. 
If the membrane is considered to be ideally perm-selective membrane (ty = 
0) then equation (1.4) takes the form of the well-known Nemst Equation as 
follows: 
RT [aA]2 
Em = ± In 15 
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The equation (1.5) simply represents Donnan potential for an ideally perm-
selective membrane or it can be said that it gives the thermodynamic limitmg 
value of concentration potential. Equation (1.5) takes positive sign for cations 
and negative sign for anions. The membrane potential measurement is carried out 
using a cell set up of the following type: 
Solution 2 Solution 1 
External Saturated 
Calomel Electrode 
(SCE) 
Test or 
External 
Solution 
Membrane 
El, (2) 
Internal Internal Saturated 
Solution Calomel Electrode 
(SCE) 
EL(1 ) 
In general practice, the concentration of one of the solution (say 1) is kept constant 
(usually 0.1 M) and this solution is referred as internal or reference solution and a 
SCE is dipped m this internal solution as an internal reference electrode. The 
membrane together with internal solution and internal reference electrode is one 
compact unit, which as whole is called as membrane electrode. This membrane 
electrode is then immersed in solution 2, usually referred as external solution or 
test solution, having an external reference electrode. The e.m.f of this 
potentiometric cell is given by the following expression: 
Ecell ^ EsCK + E L ( 2 ) + E„, + E L ( 1 ) - EscE 1.6 
where ESCE, EL and E,„ refer to Calomel Electrode, junction and membrane 
potentials, respectively. On combining equation (1.5) and (1.6), the following 
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.1.7 
equation takes the form-
RT [aA]2 
Ecell "= EsCE - EsCE + EL(2) + Ei.(|) ± 1^ 
ZAF M l 
For cation-exchange membrane, 
RT RT 
Eceii = Eu2)+EL,i)- —hi[aA]i + — In [a.xL IS 
ZAF ZAF 
As the activity of internal solution is kept constant and the values of Ei.(i) and 
EL(2) are also almost constant, the term in parenthesis may be taken equal to a 
constant, E". [furthermore, the values of E|,(|) and E|.(2) are negligible (due to salt 
bridge in use), the cell potential in above equation may approximately be taken as 
membrane potential. The equation (1.8) reduces to-
RT 
Eccii - E^ ' + ln[aA]: 19 
ZAF 
Now, it is quite clear from equation (1.9) that the cell potential would change 
with the change in concentration (or activity) of the cation in external or test solution 
2. At 25 "C, value of RT/ZAF comes out to be 0.059/ZA volts. The membrane is said 
to give Nernstain response if the slope of a plot between cell potential and log 
activity comes out to be 0.059/ZA volts. These plots are called Nemst plots and the 
slope as Nernstian slope. 
From the calibration graph, it can be observed that the response curve is linear 
down to a particular concentration after which the curve tends to become parallel to 
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the X-axis. Suitable concentrations were chosen corresponding to the sloping portion 
of the linear curve for the measurement of potentials. The slope of this linear curve is 
important and tells whether the electrode response follows the Nernstian response or 
not. A potentiometric sensor is said to be behaving in a Nernstian or close to 
Nernstian fashion, if the slope is ±1-2 mV of the theoretical value. Below this range, 
it is sub-Nernstian and above it, it is hyper-Nernstian. Sensors, which are outside the 
Nernstian range, can still be useful analytically. 
1.3.1.1.2. Selectivity coefficients 
A selectivity coefficient is one of the most important factors of ion-selective 
electrodes (ISEs), on the basis of which the potential application of an electrode m a 
given system can be predicted. Generally, ISEs are mainly membrane-based devices, 
consisting of perm-selective ion-conductive materials, which separate the sample 
from the inside o^the electrode. Inside the electrode, a filling solution containing the 
ion of interest at a constant activity is taken into consideration. The membrane is 
usually non-porous, water-insoluble and mechanically stable. The composition of the 
membrane is designed to yield a potential that is primarily due to the ion of interest. 
The purpose is to find membranes that will selectively bind the analyte ions, leaving 
co-ions behind. Thus, membrane materials, possessing different ion-recognition 
properties, have been developed to impart high selectivity. Detailed theory of the 
processes at the interference of these membranes, which generate the potential, is 
available elsewhere. Such a potential arises whenever the membrane separates two 
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solutions of different ion activities. The resulting potential of the ion-selective 
electrode, which reflects the unequal distribution of the analyte ions across the 
boundary, is generally monitored relative to the potential of the reference electrode. 
Since the potential of the reference electrode is fixed, the measured cell potential 
reflects the potential of the ISE, and can thus be related to the activity of the target 
ion. Ideally, the response of the ISE should obey equation (1.10): 
E - E " + (2.303RT/Z^loga, 1.10 
However, equation (1.10), has been written on the assumption that the 
electrode responds only to the ion of interest, '/'. In practice, no electrode responds 
exclusively to the ion specified. The actual response of the electrode in a binary 
mixture of the primary and interfering ions ('/' and 'j\ respectively) is given by the 
Nikoloskii-Eisenman equation. 
E = E° + (2.303 KYIZf) log (a, + Yiif°' a; "^^ 0 1.11 
Where E = potential of the electrode, E° = standard potential of the 
electrode, a/ = activity of'/' ions, ay = activity of 7 ' ions, Z/ = charge on the '/ ' 
ion, Zj = Charge on the y ion, K,/" = selectivity coefficient of the electrode in the 
presence ofj ions, which measure the relative affinity of ions ' / ' and 7 ' towards the 
ion-selective membranes. 
No electrode is absolutely selective for a particular ion. Thus, the selectivity 
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of the electrode depends on selectivity coefficients. The lower the value of K,;*^ ', the 
more selective is the electrode. For ideally selective electrodes, the K,f"^ would be 
zero. So, it is important for the analytical chemist to realize the importance of 
selectivity coeificient of a particular electrode. The inconsistent values of selectivity 
coefficient may cause problems. Various methods have been suggested for 
determining the selectivity coefficient, however, it falls in two main groups, namely-
(1) Separate-solution method and (2) Mixed-solution method. 
Separate-solution methods: In the separate-solution method, the potential of 
the electrode E, and E, are measured separately in solutions containing '/' only of 
activity a, (no 'y' present) and 'y' only of activity a, (no '/ ' present), respectively and 
are given by the following equations: 
E , -E" t- (2.303 RT/Z;)loga, 1.12 
Ej = E" + (2.303 RT/Z/) log K.f°' a, 1,13 
Ky"^ ' can be calculated either with the so-called equal activity or with the equal 
potential method. In both cases, it is tactually assumed that the electrode standard 
potentials are equal in the presence of ion '/" as well in that of ion "f and also that the 
response is Nernstain for both ions. According to the method of equal activities the 
solution of ion '/' and 'y' are prepared at the same concentration and the 
potentiometric measurements are carried out. From the equations (1.12) and (1.13), 
we get 
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E; - E, a, 
logK,r = + log 1.14 — 1 ivja, 
sZi Z/ 2.303RT/Z,F (a/ 
The term 2.303RT/Z/F is the slope of Nernst plot. As most of the solid membranes 
exhibit deviation from Nernstian behaviour, the experimental slope (S), usually 
differs from the theoretical slope i.e., 2.303RT/Z,F. Thus, it is a practice to use 'S' 
instead of Nernstian slope for the calculation of Ky"^ '. As such equation (1.14) takes 
the form. 
E/ - E, a, 
logK,r = + log 1.15 
S (af"' 
Thus, using equation (1.15) selectivity coefficient K/°^ can be calculated. The 
separate solution technique for determining selectivity coefficients is simple and 
allows a number of Ky"^ ' values to be measured on the basis of different activities 
and potentials. 
Mixed solution methods: In the mixed solution techniques, the electrode 
potentials are measured in solutions containing both the primary ion '/"' and the 
interfering ion 'y') The procedure for determining selectivity coefficients by Mixed 
Solution Method is. 
Procedure In this procedure, the potentials of the electrode E, and Ey are measured 
in solutions of primary ion ' / ' only and a mixture of primary and interfering ion 'y', 
respectively. 
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Kr - log [ 10^ ' •' '^  "-"'"^  - 1 ] + loga, - Z,/Z, log a, 
Or, in other form, it can be writen as 
a, 
K/" -
i/.i / / 
2.:o.?HTZ)F 
V. V 
^ 
y 
1.16 
17 
1.3.1.1.3. Response Time 
Another important factor besides linear response that recommends the use of 
ISEs or membrane electrode is the promptness of the response of the electrode. The 
response time of an ion-selective electrode is the time needed to attain equilibrium 
value (i.e. to obtam a steady potential) within ±1 mV after a ten-fold increase or 
decrease in the concentration of the test-solution. However, the interpretation of 
response time varies from a group of workers to others. Punger el al. have discussed 
this aspect in details. 
1.3.1.1.4.Effect ofpH 
The membrane electrodes with polymer binders like PVC do response to 
change in the pH value of the solutions. So it is necessary to study the effect of pH 
and the favorable working range of pH has to be evaluated for accurate 
measurements. Since in membrane electrodes one or other polymeric binder was 
used for the construction of the membrane, it is necessary that one finds out the 
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effect of pH on the electrode response. The electrode could be safely used for 
measurements of their ions provided the pH of the solutions used falls in the range 
where the electrode response does not change with the pH, and this pH range is 
used as working pH range of the electrode. 
1.3.1.1.5. Life span of Membrane Electrode 
Ion-exchanger membrane electrodes can be used for one to three months in 
continuous service. This short lifetime may be related to the gradual loss of the 
ion- exchanger through the porous membrane. The membrane, internal filling 
solution and the ion-exchanger are replaced when the electrode response becomes 
noisy or drifts. 
So, in order to find out the life time of the electrode, the electrode response 
were noted every week and response curve is drawn for the data usually at the initial 
period some changes in the response are noted vis-a-vis the slope of the response 
curve but after the week or so, the electrode response remains fairly constant over a 
period of time after this period the electrode starts behaving erratic, therefore cannot 
be used for any measurements. This period over which the electrode response is 
constant can be called a life of electrode. The life of studied membranes ranges from 
45 to 120 days. 
1.3.2. Literature Review on Membranes and Ion-Selective Electrodes 
A large number of ion-selective electrodes using ion-exchangers have 
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been developed during the past 25 years. The literature survey reflects good 
volume on this topic and it is very difficult as well as unmanageable to compile all 
of them here. Therefore, in thus task we have reviewed heterogeneous ion-
selective member electrode based on inert binder PVC and polystyrene selective 
for alkali, alkaline earth metals and heavy metal ions. 
An epoxy resin {e.g. Araldite) first used by Coetzee et al. proved to be the 
most suitable and widely used material. They have worked on thallium(l) 
heteroployacid salt-epoxy resin membranes in their studies and they also have 
determined Cs' potentiometrically. Tungstoarsenate based ion-selective 
membranes have been developed by Malik et al. [261] and found very much 
suitable in the determination of Cs^ and Tl ions. 
There has been widespread interest in developing ion-selective electrodes 
(ISEs) for determining alkaline earth metals, as they exist in diverse samples. 
Amongst the alkaline earth metals, most investigated and developed ISEs are 
Ca ^-selective electrodes. The first Ca^'-selective electrode was a liquid membrane 
electrode developed by Ross. It was prepared by using a liquid membrane of 
didecyl -phosphate in di-n-octyl phosphonate. The useful Ca^^-selective electrodes 
were developed by Thomas, Moody and coworkers by incorporating Ca-bis[2,6-
dinitro-4-(l,l,3,3-tetramethylebutyl)] phenoxide and Ca-bis[di{4-(l,l,3,3-
tetramethylbutyl) phenyl}]phosphate in PVC. Chattopadhyaya and Misra [265] 
reported the Ca '-selective heterogeneous precipitate based membrane using 
Ca(ll) rhodizonate as the electroactive material. The electrode was used as an 
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indicator electrode in the precipitation titration of CaCb with Na2C204. 
Little work has been done on the developments of ISEs for two alkaline 
earth metal ions, Mg^' and Sr^'. Only few such electrodes are reported which 
show interference to other alkaline earth metal ions. Recently, an electrode 
prepared using a membrane of phenylene bis(ditolylphosphineoxide) in PVC was 
reported as Mg"-sensor. The electrode shows good selectivity towards Mg over 
Ca '^ and works well in the concentration range 6.0 x 10"-^ - 1.0 x 10"' M. Another 
electrode for Mg '^ has been developed by O 'Donnell and coworkers using various 
octamethylene bis(malonic acid diamides) and tris(malonic acid diamides) in PVC 
with 2-nitrophenyloctyl ether as solvent riiediator. 
Fust useful Sr^'-selective electrode developed by Bauntann [268] using 
strontium complex of polyethylene glycol as electro active material. The electrode 
was selective towards Sr"' over Ca ' and other bivalent cations with the exception 
of Ba" and Hg"*. Srivastava and coworkers have reported a heterogeneous 
membrane using hydrous thorium oxide embedded in polystyrene while Jam et al. 
have used strontium tungstoarsenate in araldite for Sr^'-selective electrodes. The 
membrane electrode has been used as an end point indicator in the potentiometric 
titration involving Sr ions against diammonium hydrogen phosphate. 
Ba -selective polymeric membrane electrodes have been constructed from 
lipophilic electrically neutral carriers and neutral carboxylic poly ether antibiotic 
and have been found suitable for the titration of Ba^' in non-aqueous media as 
well as for the determination of SO4'" in the combustion products. The membranes 
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of benzo-15-crown-5 and its Ba-complex prepared by using an epoxy resin binder 
were also found suitable as Da'''-sensor . These electrodes show good selectivity 
for Ba"' and also used for the titration of Ba" against SO4". 
The determination of heavy metal ions in water, soil, effluents and other 
samples is important in view of their toxic nature above certain concentration 
level. As such, efforts have been made by many researchers in the filed of ISEs to 
develop sufficiently selective sensor for heavy metal ions, which may permit quick 
and reliable estimation. A large number of electrodes have been reported for the 
estimation of Ni" [275], Zn'^  [276], Cu'^  [277,278], Cd'^  [279-281], Pb" [282-
286], Hg^', Al-^ ' [287,288], Fe^' [289-290] etc. m the literature. 
Chelating ion-exchanger resins are found to possess specific selectivity for 
some metal ions and play an important role in separation processes. Srivastava et 
a I. have reported the utility of salicylaldoxime-formaldehyde resin membranes for 
the estimation of Zn '. Recently Wardak et al. studied the properties on the ion 
selective electrode with a chelating pseudo-liquid membrane phase for Zn^' 
determination. Cu(ll) is an essential element and is also toxic at elevated 
concentration. Its reactivity and biological uptake are strongly influence by the 
free ion concentration that is controlled by the extent of copper complexation with 
ligands. Potentiometric measurements with a Cu'^ ' ion-selective electrode allow 
directly determining free ion concentration in water samples. For copper 
determination, solid membrane electrodes based on copper sulfide, tungsten oxide. 
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ion-exchangers and copper (111) complexes as electro active material have been 
tried as copper potentiometer sensors. 
In measurmg the heavy metals ions like Cd in the industrial wastewater, 
the ion-selective electrodes are very convenient because of simplicity and 
selectivity. Ross al al. have reported the precipitate based solid state CdS-Ag2S 
mixture membrane by stoichiometric reaction. Also Hirala el al. have developed 
the ceramic solid-state CdS-Ag2S mixture membrane by baking the CdS-Ag2S 
mixed powder or its pressed membrane al 700 "C. Hoperlenam and Cosma have 
reported some preparation methods for mixtures of cadmium and silver sulfides 
with Cd'-selective electrode properties. Sodium sulfide, thioacetamide and 
sodium thiosulfate were used for simultaneous precipitation of CdS and Ag^S. 
Srivastava et al. have reported a elasticized PVC based membrane of 
benzo-15-crown-5, which exhibited a good response for Cd in a wide 
concentration range (3.16 x 10'^  - 1.00 x 10'' M) with a slope of 20 mV/decade of 
Cd . The electrode was used at one stretch, for a period of 2 months and is played 
good selectivity for Cd ' over alkali, alkaline earth and transition metal ions. The 
membrane sensor was also used as an indicator electrode in potentiometric 
titration involving Cd(II) ions. 
Because of the increased industrial use of lead, at one hand and its serious 
hazardous effect to human health, on the other, the electrochemical properties and 
preparation of the Pb(Il) ion-selective membrane electrodes have been extensively 
studied by using different active materials. Thindetal. [305] have developed Pb^' 
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ion-selective membrane using lead antimonate as an electroactive phase and 
araldite as an polymer binder. Gupta el al. have published their results on the 
studies of araldite based Zr(lV) tungstophosphate (ZWP) membrane as Pb(II) ion-
selective electrode. Tavakkoli and Shamsipur had reported a Pb-ISE based on 
dibenzopyridino-18 crown-6 as membrane carrier. This lead selective electrode 
exhibited comparatively good selectivities with respect to alkali, alkaline earth and 
some transition and heavy metal ions. RQCQX\X\y,Malinowska etal. have reported a 
lead selective membrane electrode containing ionophores based on diaza-18-
crown-6 units possessing amide and sulfonamide functions. Ganjali et al. have 
reported a PVC membrane electrode for Pb^ ^ ion based on recently synthesized 
dimethylbenzotetrathiafulvalene as membrane carrier. The electrode has found a 
very low limit of detection of 8 x 10" M and can be used as an indicator electrode 
in potentiometric titrations of Pb ions in both H2O and 90% MeOH solutions. 
Ensaf el al. have prepared the lead(n)-selective membrane electrode by 
incorporating cryptand(222) as the neutral carrier into a plasticized PVC 
membrane. The electrode was used as an indicator electrode in the potentiometric 
titration of Pb^' with EDTA. 
Jain et a I. and Sri vas lava et. a I. have also fabricated polystyrene supported 
heterogeneous ion-exchange membrane electrode of heteropolyacid salts (e.g. 
Ce(lV) selenite) which were found to be selective for Hg^'. Recently,/lAAav et al. 
have reported a new triiodomercurate-modified carbon paste electrode for the 
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potentiometric determination of Hg(II) ions. Potentiometric determination of 
Hg(II) was also reported by some other workers . 
A less attention has been made for determining tripositive metal ions. Very 
few potentiometric devices have been designed for aluminum. Recently, Saleh et 
al. have reported a novel potentiometric membrane sensor for selective 
determination of Al(III) ions. This electrode has a minimal interference of Pb^ "" 
and Hg^ ^ ions and successfully applied for the potentiometric titration of HPO4" 
with Al^ ^ and for direct potentiometry of Al^ ^ content of some rock samples. 
1.4. Objectives 
The Principal objectives of this research work are: 
<* The laboratory preparation of inorganic ion exchange material Thorium 
(IV) phosphate. 
• The preparation of organic conducting polymer i.e. poly-o-toluidine by the 
oxidative polymerization of ortho-tolidine. 
• Synthesize 'organic-inorganic' composite materials by incorporation of 
organic polymer in to the precipitate of inorganic ion exchanger thorium 
(IV) phosphate 
• To enhance the selectivity for some pollutants such as lead, cadmium, 
mercury, arsenic, etc. the material was prepared by varying the 
concentrations, volume ratio's, pH, and the reagents in order to obtain the 
optimum conditions for the preparation of a suitable material possessing 
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good ion exchange capacity. 
• The composite material was characterized by the physico-chemical 
methods and by the ion exchange methods. The physico-chemical methods 
include X-ray diffraction, IR, TGA-DTA, ESR, SEM, AAS, and elemental 
analysis. While the ion exchange methods will include, ion-exchange 
capacity, selectivity for metal ions, pH titration, Kj values etc. 
• An attempt was made for the fabrication and characterization of ion-exchange 
membrane and ion selective membrane electrode using this 'organic-
inorganic' composite cation exchanger as an electroactive material. 
• The material was used in various environmental and analytical applications. 
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Chapter-2 
Preparation and 
Characterization of New and 
Novel ''Organic-inorganic" 
Composite Cation-Exciiange 
iVIaterial: Poly-o-toiuidine Tli 
(IV)piiosphate Nano-
composite 
2.1, Introduction 
Organic polymers showed the properties of chemical stability through 
synthetic methods [!]. The inorganic ion-exchange materials based on polyvalent 
metals have been established now an excellent recognition in various disciplines, 
i.e. metal ion separation, catalysis, environmental studies, medical science (kidney 
dialysis), ion-selective electrodes preparation, heterogeneous solid state 
membranes fonnation and in ion-exchange fibers preparation, etc. Besides other 
advantages, these materials are important in being more stable to high temperature 
radiation field than the organic one. [2]. 
In order to obtain associated organic and inorganic materials as ion-
exchangers, attempts have been made to develop a new class of composite ion-
exchangers by the incorporation of electrically conducting organic polymers 
(polyaniline, polypyrrole, polythiophene, poly-o-toluidine, poly-o-anisidine etc.) 
into the matrices of inorganic precipitates of multivalent metal acid salts. These 
composite materials are attractive for the purpose of creating high performance or 
high functional polymeric materials that are expected to provide many 
possibilities, termed as 'organic-inorganic' hybrid ion-exchangers [3-7] with better 
chemical, mechanical, and thermal stabilities, reproducibility and possessing good 
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selectivity for heavy metals indicating its useful environmental applications. Many 
'organic-inorganic' composite ion-exchangers have been developed earlier by 
incorporation of organic monomers in to inorganic matrix, by way of pillaring or 
non-pillarmg methods [8-12], Few such excellent ion-exchange materials have 
been developed in our laboratory and successfully being used in environmental 
analysis [13-16]. 
Inorganic precipitate ion-exchanger based on organic polymeric matrix 
must be an interesting material, as it should possess the mechanical stability due to 
the presence of organic polymeric species and the basic characteristics of an 
inorganic ion-exchanger regarding its selectivity towards some particular metal 
ions [17-20]. In this regard, a number of 'organic-inorganic' composite cation-
exchanger samples of poly-o-toluidine Th(IV) phosphate were prepared by mixing 
poly-o-toluidine into inorganic precipitate gels of Th(lV)phospha.te under varying 
conditions. In order to determine the composition, size, structural and thermal 
properties ol' this material several physico-chemical investigations were carried 
out by elemental analyses, atomic absorption spectrophotometry (AAS), 
Transmission electron microscopy (TEM), scanning electron microscopy (SEM), 
spectral analyses (FTIR), thermal analyses (simultaneous TGA-DTA) and X-Ray 
analysis. Their thermal stabilities were studied in various temperatures and 
chemical stabilitiys of the composite at various acidic, alkaline and organic media. 
This chapter represents the preparative conditions and physico-chemical properties 
of this composite cation-exchange material. 
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2.2 EX PERI MEN ATL 
2.2.1. Chemicals and reagents 
The main reagents used for the synthesis were: 
• Thorium nitrate, Th(N03)4..5H20 (99%) 
• Phosphoric acid, H3P04( 88-93%) 
• Ortho-tolidine, C^HiyNz (99%) 
• Ammonium per sulphate, (NH4)2S208 (95%) 
• Hydrochloric acid, HCl (35% ) 
• Nitric acid, HNO3 
All other reagents and chemicals were of analytical grade. 
CDH (India) 
Loba Chemie (India) 
CDH (India) 
CDH (India) 
E-Merck (India) 
E-Merck (India) 
2.2.2. Instrumentation 
The followmg mstruments were used for various studies made for chemical 
analysis and characterization of the composite material 
• A digital pH meter — Elico (India), model LI-10; was used for measuring 
pH. 
• UV/VIS spectrophotometer — Elico (India), model EI 30IE; was used for 
quantitative analysis 
• Double Beam Atomic Absorption spectrophotometer (AAS) — GBC 902 
(Australia) with air-acetylene tlame, was used for the quantitative 
determination of i V . Cd^\ Cu", Cr", Hg^', Ni^', Mn", Zn^'. 
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• A scanning electron microscope ~ LEO 435 VP (Australia) with attached 
imaging device; was used to examine the difference in surface morphology 
between the parent materials and the composite. 
• FTIR spectrometer — Perkin Elmer (U.S.A.), model Spectrum BX; was 
used for recording FT-IR spectra. 
• Elemental analyzer — Elementary Vario EL HI, Carlo-Erba, model 1108; 
was used for C, H and N analyses. 
• A thermal analyzer — V2.2A DuPont 9900, was used for simultaneous 
TGA (thermo gravimetric analysis) and DTA (differentia! thermal analysis) 
studies. 
• An X-ray diflractometer — Phillips (Holland), model PW 1148/89 with Cu 
Ka radiations, was used for recording powder X-ray diffraction pattern. 
• An automatic temperature controlled water bath incubator shaker — Eicon 
(India). 
• A digital muffle furnace — was used to heat the material at different 
temperatures. 
• An air oven — Lab quip (India). 
• An electronic balance (digital) — Sartorius (Japan), model 21 OS, was used 
for weighing purpose. 
• A magnetic stirrer. 
• A mortar pastel. 
• A digital pH meter -Elico (lidia), model LI-10; was used for measuring pH 
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2.2.3. Preparation of Organic-Inorganic Composite CatioiH^Mifange Material 
2.2.3.1. Preparation of reagent solutions 
0.1 M solution of thorium nitrate, Th(N03)2.5H20 and ammonium 
persulphate were prepared in 1 M HNO3 and 1 M HCl respectively. H3PO4 
solutions of different moralities were prepared in dematerialized water. Ortho-
tolidine solution of 10% concentration (v/v) was prepared in 1 M HCl. 
2.2.3.2. Synthesis of polymer 
2.2.3.2.1. Synthesis of poly-o-toluidine 
The polymerization of the monomer ortho-tolidine was initiated by the 
addition of oxidizing agent, i.e., ammonium persulphate, in 1:1 ratio under 
constant stirring at room temperature for 2 h [21,22]. After two hours a brown 
color poly-o-toluidine polymer was obtained. 
2.2.3.3. Synthesis of Inorganic Precipitate 
2.2.3 3.1. Synthesis of thorium (IV) phosphate 
The method of preparation of the inorganic precipitate of Th(l V) phosphate 
ion-exchanger was very similar to that of Alberti Constantino [23], with slight 
modification [24] by mixing a solution of 0.1 M Th(N03)4. 5H2O prepared in 1 M 
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HN03 at the flow rate at 0.5 ml min"' to a solution of H3PO4 in different moralities 
. Constant string was done during mixing using a magnetic stirrer at a temperature 
of 85 °C, white gel type shirries were obtained. After digestion of the mixture for 
several hours, it was cooled to room temperature in each case. 
2.2.3.4. Preparation of Organic-Inorganic Nano-composite 
2.2.3.4.1. Preparation of Poly-o-toluidine Thorium (IV)phosphate 
Nano-composite 
The composite cation-exchanger was prepared by the sol-gel mixing of poly-
o-toluidine, an organic polymer, into the inorganic precipitate of thorium(lV) 
phosphate. In this process, when the gels of poly-o-toluidine were added to the 
white inorganic precipitate of thorium (IV) phosphate with a constant string, the 
resultant mixture were turned slowly-slowly into a brown colored slurries. The 
resultant brown colored slurries were kept for 24 hours at room temperature. 
Now the poly-o-toluidine based nano-composite cation-exchanger based 
gels were filtered otT, washed thoroughly with DMW to remove excess acid and 
any adhering trace of ammonium per sulphate. The washed gels were dried over 
P4O10 at 30 C in an oven. The dried products were immersed in DMW to obtain 
small granules. They were converted to the H^ form by keeping it in IM HNO3 
solution for 24 hours with occasionally shaking intermittently replacing the 
supernatant liquid. The excess acid was removed allcr several washing with 
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DMW. The material were finally dried at 40 °C and sieving to obtain particles of 
particular size range (~125|im). Hence a number of poly-o-toluidine thorium (IV) 
phosphate nano-composite cation-exchanger samples were prepared (Table 2.1) 
and on the basis of Na* exchange capacity (I.E.C), percent of yield and physical 
appearance, sample S-3 was selected for ftirther studies. 
2.2.4. Physico-chemical Properties of Poly-o-toIuidineTh(IV)phosphate 
Nano-composite Composite Cation-exchange Material 
2.2.4.1. Chemical Dissolution 
Two hundred and fitly milligram (250 mg) portions of the composite 
cation-ex changer (poly-6)-toluidineTh(IV) phosphate, S-3) in H"^ -form were treated 
with 20 ml each of different acids (such as HCl, HNO3, H2SO4, MCIO4,), differcnl 
bases (such as NaOH, KOH, NH4OH,), salt (NaN03) and organic solvents (such as 
dimethyl sulphoxide (DMSO), acetone, n-butyl alcohol, and also with double 
distilled water (DMW) for 24 hours with occasional shaking. 
2.2.4.2. Heat treatment 
To study the etTect of drying temperature, 1 g samples of the composite 
cation-exchanger material (S-3) were heated at various temperatures in a muffle 
furnace for 1 hour each; physical appearance and the percentage of weight losses 
were determined after cooling them at room temperature as shown in Table 2.2. 
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Table 2.1 
Conditions of preparation and the ion-exchange capacity of poly-o-toluidine Th(l V) 
phosphate nano-composite cation exchange materials 
Sample Mixing volume ratio 
(v/v) 
Heating 
time in 
hrs 
Heating 
temp in 
°C 
Mixing volume ratio 
(v/v) 
Appear-
ance of 
the sample 
Na ion 
exchange 
capacity 
in mcq drv 
g-1 
Th(N03)2. 
5ll2() 
In 1 M 
UNO:, 
H3PO4 
O.IM 
(NH4)2S208 
in IMHCl 
10% 
ortho-
tolidinc 
in 1 M 
HCl . 
S-1 1(0.1 M) 1(1M) 2 85 1 1 Fibrous 
brown 
1.26 
S-2 1(0.IM) "" 1(1M) 4 85 1 1 II 1.60 
S-3 1(0.1 M) 2(1 M) 4 85 1 1 II 1.90 
S-4 - - - - 1 1 Reddish 0.11 
S-5 5(0.1 M) 2(2M) 4 85 - - White 
sheet 
0.72 
S-6 2(0.1 M) 1(1M) 4 85 1 1 Fibrous 
brown 
1.15 
S-7 3(0.1 M) 1(1M) 4 85 1 1 II 1.18 
S-8 3(0.1 M) 1(2M) 4 85 1 1 II 1.24 
S-9 3(0.1 M) 1(2.4M) 4 85 1 1 II 1.04 
S-10 5(0.1 M) 1(2.5M) 4 85 1 1 II 0.95 
s-n 1(0.2M) 4(1 M) 4 85 1 1 II 1.60 
S-12 1(0.2M) 2(1 M) 4 85 1 1 II 1.52 
S-13 1(0.2M) 2(2M) 4 85 1 1 II 1.44 
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Table 2.2 
Thermal stability of poly o-toluidine Th(l V) phosphate(S3) nano-composite cation 
-exchanger after heating to various temperatures for one hour 
Heating temperature in ("C) Appearance (color) % Weight loss 
50 Brown -
100 II -
150 II -
200 II 4.00 
250 Light brown 8.80 
300 n 10.60 
350 If 14.05 
400 n 17.20 
500 ff 20.44 
600 It 21.12 
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2.2.4.3. Chemical Composition 
The chemical composition also plays an important role in the elucidation of 
molecular structure of the ion-exchangers. The composition of the material can be 
determined either by gravimetrically or spectrophotometrically. With the help of 
these methods, we can determine the percentage of metals or groups present in the 
ion-exchangers. 
The chemical composition of poly-o-toluidineTh(lV) phosphate nano-
composite cation-exchanger (sample S-3) was determined by elemental analysis of 
(CHN and Th). The weight percent composition of thorium, carbon, hydrogen, 
oxygen and nitrogen of the material is represented in Table 23 . 
2.2.4.4. TEM (Transmission Electron Microscopy) Studies 
TEM studies are carried out to know the particle size of the poly-o-
toluidineTh(l V) phosphate composite cation-exchange material. 
2.2.4.5. SEM (Scanning Electron Microscopy) Studies 
Microphotographs of the original form of poly-o-toluidine, (S-4); inorganic 
precipitate of Th(IV) phosphate, (S-5 ); and organic-inorganic composite materials 
poly-o-toiuidine thorium(IV) phosphate, (S-3); were obtained by the scanning 
electron microscope at various magnifications. 
2.2.4.6. X- ray Analysis 
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Table 2.3 
Percent composition of poly-o-toluidine Th(l V) phosphate nano-composite cation 
exchanger 
S.No. Element Percentage 
1 C 38.85 
2 H 4.579 
3 0 11.69 
4 N 8.266 
5 Th 36.62 
Powder X-ray diffraction (XRD) pattern was obtained in an aluminum 
sample holder for the sample S-3 (poly-o-toluidine Th(IV) phosphate) in the 
original form usmg a PW 1148/89 based diffract meter with Cu Ka radiations. 
2.2.4.7. FTIR (Fourier Transform Infra Red) Studies 
The r r i R spectrum of poly-o-toluidine (sample S-4); Th(lV) phosphate 
(sample S-5) and poly-o-toluidine Th(IV) phosphate (sample S-3) in the original 
form dried at 40 "C were taken by KBr disc method at room temperature. 
2.2.4.8. Thermal (TGA and DTA) Studies 
Simultaneous TGA and DTA studies of the composite cation-exchange 
material (poly-o-toluidine thorium(lV) phosphate, S-3) in original form were 
carried out by an automatic thermo balance on heating the material from 10 "C to 
1000 "C at a constant rate (10 "C per minute) in the air atmosphere (air flow rate 
of 400 ml min"'). 
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2. 3. Results and discussions 
2.3.1. Preparation of Poly-o-toluididne Th(lV) phosphate Nano-composite 
Various samples of new and novel poly-o-toluidine based organic-inorganic 
fibrous type composite ion exchange materials was developed by incorporation 
poly-o-toluidine into inorganic matrices of fibrous Th(lV) phosphate. Among 
them sample S-3 (Table 2.1) was selected on the basis of better ion exchange 
capacity, good yield and thermal stabilities. 
The polymerization reaction for the synthesis of poly-o-toluidine from ortho-
tolidine is given as follows [25], 
.^ 
.CH ^CHj 
// \N / \_^Ht (^^^"^^ 
H 
oi en 
The excess amount of (NH4)2S208, present in the poly-o-toluidine gel, may 
convert thorium phosphate into a radical that can be shown as: 
OH 
HO-Th-HgPO^" 
L H3PO4 
a^'" 
HO-Th-HgPO/ 
1 
H3PO4 
+ 233,'-
The binding of poly-o-toluidine into the matrix of thorium (IV) phosphate can be 
shown as: 
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,CH3 
\ /r\ N-0 
I 
HO—Th—H3PO4 
H3PO4 
.nHzO 
2.3.2. Chemical stability 
The chemical and thermal stability depend on the structure of the ion 
exchangers, the degree of cross-linking in the matrix and on the nature and number 
of the fixed ionic groups. The solubility experiments show that the material was 
resistant to DMW, IM HCl, 0.5M NaOH, 2M NH4NO3, buffer pH 10 and, buffer 
pH 3.75. The material is completely dissolved in 2M HCl, 4M HCl, 3.5M HNO3, 
and 2.5M H2SO4. The chemical dissolution in 1.5M HNO3, IM THF, 20% alcohol 
and 0.5M NaOH is almost negligible. 
2.3.3. Thermal stability 
On heating at different temperature for 1 hour, the mass and physical 
appearance of the dried sample material (S-3) were changed as the temperature 
increased as shown in Table 2.2. The material was found to possess higher thermal 
stability as the sample maintained about 78% of the initial mass by heating upto 
600°C. 
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2.3.4. TEM (Transmission Electron Microscopy) Studies 
From the TEM studies it is clear that the poly-o-toluidineTh(l V) phosphate 
cation-exchange material shows particles size in range of 11,0 nm, 10.0 nm, 15.0 
nm, 3.0 nm, 18.0 nm Fig. 2.1. Thus the material particle size shows the nano 
range. 
2.3.5. SEM (Scanning Electron Microscopy) studies 
The scanning electron microphotograph of poly-o-toluidine, Th(lV) 
phosphate and poly-o-toluidine Th(lV) phosphate are represented in Fig 2 2 It is 
clear from the photographs that after binding of organic polymer with inorganic 
precipitate of Th(l V)phosphate inorganic cation exchanger, morphology has been 
changed, which indicate the formation of organic inorganic composite cation 
exchanger Th(l V) phosphate. 
2.3.6. X- ray Studies 
The X-ray diffraction pattern of this cation-exchanger (S-3 as prepared) 
recorded in powdered sample exhibited some small peaks in the spectrum Fig 2 3. 
that are suggesting semi-crystalline nature of the composite material. 
2.3.7. FTIR Studies 
The peak values of the FTIR spectra of poly-o-toluidine Th(lV) phosphate 
nano-composite cation exchanger that the band centered at 3367 cm' results for 
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Fig. 2.1. 
Transmission electron microphotographs (TEM) of poly-o-toluidine Th (IV) phosphate 
showing different particle size. 
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Fig 2.2. 
Scanning electron microphotographs (SEM) of poly-o-toluidine at the magnifications of 
7.00 K X (a), Th(IV) phosphate at the magnification of 4.00 K X (b) and poly-o-toluidine 
Th(IV) phosphate (c) at the magnification of 7.00 K X. 
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Fig 2.3. Power X-ray diffraction pattern of poly-o-toluidine Th(lV) phosphate 
nano-composite 
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the charactcnslics of free N-11 stretching vibration, suggest the presence of 
secondary amino group (-NH-) [25] Pig 2,4 hi poly-o-toluidme Th( IV) phosphate 
nano-composite spectrum the peak at 1640-1560 cm"' represents the free water 
molecule (water of crystallization) and strongly bonded -OH group in the matrix 
|26J. An assembly of two peaks at 980-1072 cm'' may represent the presence of 
ionic phosphate group [27] 'rable2,4 
2.3.8, TGA and DTA Studies 
It is clear from the TGA curve of the composite cation exchanger that upto 
100°C only 5.82 % weight loss was observed, which may be due to the removal of 
external HoO molecules present at the surface of the composite [29]. Further 
weight loss of mass approximately 7% between 100 to 250 °C may be due to the 
slight conversion of inorganic phosphate into pyrophosphate. Slow weight loss of 
mass about 5% in between 250-600 °C may be due to the slight decomposition of 
organic part of the material Fig 2.5. The thermo-gravimetric analysis of the 
composite exchanger indicates that the composite cation exchanger is thermally 
stable because only 18% of mass was loss up to 600°C. 
2.3.9. Chemical Composition Studies and Chemical Structure 
The percent composition of C, H, N, Th, and O in the material was found to 
be 38.85, 4.579, 8,26, 36.62, and 11.69. On the basis of elemental analysis 
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Fig.2.4. FTIR spectra of as prepared Th(] V) phosphate(a), poly-o-toluidine(b), 
and poly-o-toluidine Th(l V) phosphate nano-composite cation-exchanger (c). 
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Table 2. 4 
FTIR peak positions (cm'') of poly-o-toluidine Th(lV)phosphate (S-3) nano-
composite cation-exchanger 
Peaks 
no. 
Poly-o-toluidine 
(as prepared, 
dried at 50°C) 
708 
800 
3 828 
4 872 
5 1036 
6 1072 
7 1138 
8 1272 
9 1377 
10 1476 
11 1549 
12 1618 
13 3063 
Thorium (1V) phosphate 
(as prepared, dried at 
50'C) 
546 
572 
624 
631 
915 
976 
1063 
1097 
1400 
1636 
2364 
2421 
3417 
Poly-o-toluidine 
Th(l V)phosphate nano-
composite (as prepared, 
dried at SOX) 
550 
627 
805 
978 
1073 
1632 
2361 
3367 
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Fig.2 5 Simultaneous TGA-DTA curves of poly-o-toluiduie Th( IV) phosphate (as 
prepared) 
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tentative structure of poly-o-toluidine Th(IV) phosphate nano-composite 
cation exchanger is given as follows: 
CH', 
N-
O 
HO—Th—H3PO4 
i 
H3PO4 
nH20 
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Ion-Exchange Behavior of 
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Chapter 3 
3.1. INTRODUCTION 
In recent years, synthetic inorganic ion-exchangers have estabhshed [1-3] 
their place in analytical chemistry due to their resistant to heat and radiation, their 
differential selectivity for metal ions. A large number of such materials have been 
synthesized earlier, most of which are the hydrous oxides and the hetero poly-
acids salts of the tetra and pentavalent metals. These compounds have shown great 
promise in analytical chemistry because of their separation potential of metals [4]. 
Every synthetic inorganic ion-exchanger has specific selectivity towards one or 
two metallic species. They are also highly stable to a wide range of pH and upto 
high temperature. However, their real analytical applications in various fields are 
still lacking. 
Two component inorganic ion-exchangers have much studied as compared 
to three component ion-exchangers. The compound containing two different 
cations and one anion or two different anions and one cation {i.e. three component 
ion-exchangers) show specific selectivity and higher thermal stability. A number 
of two component [5,6], and three component [7,8] ion exchangers have 
established for the selective determination of heavy toxic metal ions. Since organic 
polymers as ion-exchangers, are well known for their uniformity, chemical 
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stability and control of their ion-exchange properties through synthetic methods 
[9-12]. Derivatization of inorganic ion-exchangers by organic molecules depends 
on the nature of the inorganic matrix. Tetravalent metal acid salts can be 
derivatized by organic moieties bearing inorganic groups such as -OH, -COOH, -
SO3H, -NH2, -NH etc. which also act as ion-exchangers, and are known as 
'orgamc-morganic' ion-exchangers [13-23]. 
To obtained novel properties by the combination of organic and inorganic 
materials as ion exchangers, efforts have been made to develop ion exchangers by 
the incorporation of multivalent metal acid salts and organic conducting polymers 
(polyaniline, polypyrrole and polythiophene etc.), providing a new class of 
'organic-inorganic' composite ion exchangers with better mechanical and 
granulomclnc piopciUcs, gi)ud KMI exchange capacity, liighcr chemical thermal 
stabilities, reproducibility and possessing good selectivity for heavy metals 
indicating its useful environmental applications. Few such excellent ion exchanger 
materials have been developed in our laboratory and successfully bemg used in 
environmental analysis [24-29], In ihis chapter, the studies of ion-exchange 
properties on this composite cation-exchange material are described. 
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3.2. EXPERIMENTAL 
3.2.1. Reagents and Chemicals 
The main reagents used for the synthesis were; Thorium nitrate [(Th(N03)4. 
5H2O, 99%, CDH India Ltd.], Phosphoric acid, (H3PO4, 88-93% Loba Chemie 
India Ltd.), ortho-toiidine (CI4HK,N2, 98%, E-Merck India Ltd.), ammonium-
persulphate [ (NH.i)2S20s, 96%, CDH India Ltd.], Hydrochloric acid, (HCl), 35% 
and Nitric acid (HNO3), 35%, E-Merck India Ltd.). All other reagents and 
chemicals were of analytical reagent grade, 
3.2.2. Instrumentation 
• A water bath mcubator shaker having a temperature variation of ± 0.5 "C 
was used for all equilibrium studies. 
• An electronic balance (digital) - Sartorius (Japan), model 21 OS was 
used for weighing purpose. 
3.2.3. Preparation of poly-o-toludine Th(lV)phosphate 
Various samples of poly-o-toluidine Th(l V)phosphate were prepared 
following the method as given in Chapter-2 (section- 2.2.3.4.1 ). On the basis of 
Na iuii-e.\changc capacit;, and reproducibiiity, the samples S-3 ('["ablcv I ) was 
selected for the detail studies of their ion-exchange behavior. 
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Table 3.1 
Conditions of preparation and the ion exchange capacity of poly o-toluidine Th(lV) 
phosphate nano-composite cation exchange materials 
Samples Mixing volume ratio 
(v/v) 
Heating 
time in 
h 
Heating 
temp.in 
"c. 
Mixing volume ratio (v/v) Na ion 
exchange 
capacity in meq 
d r y g ' 
Th(N03)2 
.5H2O 
i n l M 
HNO3 
H3PO4 (O.IM) 
(NH4)2S208in 
IMHCl 
10% 
ortho-
tolidine 
i n l M 
HCl 
S-1 1(0.1 M) 1(1M) 2 85 1 1.26 
S-2 I(O.IM) 1(1M) 4 85 1 1.60 
S-3 I(O.IM) 2(1M) 4 85 1 1.90 
S-4 
5(0.1 M) 
2(0. IM) 
2(2M) 
1(7M) 
4 
4'' 
~85 
85 
I 0.11 
S-5 0.72 
S-6 1 1.15 
S-7 3(0.1 M) 1(1M) 4 85 1 1.18 
S-8 3(0. IM) 1(2M) 4 85 1 1.24 
S-9 3(0.1 M) 1(2.4M) 4 85 1 1.04 
S-10 5(0. IM) 1(2.5M) 4 85 1 0.95 
S-11 1(0.2M) 4(1M) 4 85 
85 
1 1.60 
S-12 I(0.2M) 2(IM) 4 ! i 1.52 
S-13 1(0.2M) 2(2M) 4 85 1 1 1.44 
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3.2. Ion Exchange Properties of Poly-o-tolnidine Th(l V) Phosphate Nano-
coniposite 
3.3.1. Ion-Exchange Capacity (i.e.c.) 
Poly-o-toluidineTh (IV) phosphate nano-composite is a cation-exchanger. 
The ion exchange capacity, which is generally taken as a measure of the hydrogen 
ion liberated by neutral salt to flow through the composite cation-exchanger was 
determined by standard column process. One gram (Ig) of the dry cation-
exchanger, sample S-3 in the H*-form was taken into a glass column having an 
internal diameter (i.d.) ~1 cm and fitted with glass wool support at the bottom. The 
bed length was approximately 1.5 cm long. 1 M alkali and alkaline earth metal 
nitrates as eluants were used to elute the H ions completely from the cation-
exchange column, mamtaining a very slow flow rate (~ 0.5 ml min'). The effluent 
was titrated against a standard (0.1 M) NaOH solution for the total ions liberated 
in the solution using phenolphthalein indicator and the ion-exchange capacities 
(I.E.C.) in meq g' are gixen in Table .3,2. 
5.3.2. Effect of Eluant Concentration 
To find out the optimum concentration of the eluant for complete elution of 
H' ions, a fixed volume (250 ml) of sodium nitrate (NaNO^) solution of varying 
concentrations were passed through a column containing Ig of the exchanger in 
the H'-form with a flow rate of- 0.5 ml min"'. The effluent was titrated against a 
Table 3.2 
Ion exchange capacity of various exchanging ions on poly-r;-toluidineTh(l V) phosphate 
nano composite cation exchanger 
Exchanging 
ions 
pHofthe 
metal 
soluition 
Ionic radii Hyd rated 
ionic radii 
Ion exchange 
capacity meq 
dryg"' 
Na^ 
K 
4.99 
6.50 
0.97 
1.33 
2.76 
2.32 
1.90 
1.76 
LI- 3.30 
4.87 1 
6,20 
0.68 
0.78 
~].7l6 
3.40 0.40 
'5797 Mg' 
c7 
7.00 
6.30 0.83 
Sr^ 6.02 1.27 
" 
1.40 
Ba^ 6.50 1.43 5.90 1.70 
82 
standard alkali solution of 0.1 M NaOH for the H ' ions eluted out. A maximum 
eiiition was observed with the concentration of I M NaNO;, as indicated in Tahle .v.v 
3.3.3. Eliitloii Behavior 
Since with optimum concentration for a complete elution was observed to 
be 1.6 M for sample S-3 (Table 3.3), a column containing Ig of the exchanger in 
H ' - form was eluted with NaNO^ solution of this concentration in different 10 ml 
fractions with minimum ilow rate as described above and each fractions of 10 ml 
effluent was titrated against a standard alkali solution for the H^ ions eluted out. 
3.3.4. pH-Titration 
pH-titration studies of poIy-o-toluidineTh (IV) phosphate nano-composite 
cation-exchanger (S-3) was performed by the method of Topp and Pepper [30]. A 
total of 500 mg portions of the cation-exchanger in the H'-form were placed in 
each of the several 250 ml conical flasks, followed by the addition of equimolar 
solutions of alkali metal chlorides and their hydroxides in different volume ratio, 
the final volume is being 50 ml to maintain the ionic strength constant. The pH of 
the solution was recorded every 24 h until equilibrium was attained which needed 
5 days and pH at equilibrium was plotted agamst the mille equivalents of OH" ions 
added Fm 3.3. 
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Table: 3.3 
Effect of eluant concentration on ion exchange capacity of poly-o-toluidineTh(l V) phosphate nano 
composite cation exchanger 
Molar concentration of NaNOs Na' ion exchange capacity in 
JT5eq.dry.g"' 
0.2 0.25 
0,4 0.42 
0.6 0.56 
0.8 0.90 
1.0 1.08 
1.2 1.23 
1.4 1.52 
1.6 
1.8 
1.90 
1.90 
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12 
2 3 4 
m moles of OH ions added 
Fig.3.3.pH-titration curves for poly-o-toluidine Th (IV) phosphate nano-
composite cation-exchanger 
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3.3.5. Thermal l^ f^Tect on lon-Kxchangc C^apacily (i.e.c.) 
To study the etYect of temperature on the i.e.c, Ig samples ofthe composite 
cation-exchange material (S-3) in the H'-form were heated at various temperatures 
in a muffle furnace for 1 hour and the Na' ion-exchange capacity was determined 
by column process after cooling them at room temperature. The results are given 
in Tabic 34 
3.3.6. Selectivity (sorption) Studies 
The distribution coefficient (Kd values) of various metal ions on poly-o-
toluidine Th(lV) phosphate nano-composite were determined by batch method in 
various solvents systems. Various 200 mg of the composite cation-exchanger 
beads (S-3) in the H'-form were taken in Erlenmeyer flasks with 20 ml of different 
metal nitrate solution in the required medium and kept for 24 hour with continuous 
shaking for 6 hours in a temperature controlled incubator shaker at 25 ± 2°C to 
attain equilibrium. The initial metal ion concentration was so adjusted that it did 
not exceed 3% of its total ion exchange capacity. The metal ions in the solution 
before and after equilibrium were determined by titrating against standard 0.005 M 
solution of EDTA [31], The alkali and alkaline earth metal ions [K', Na', C a ' ) 
were determined by flame photometry and some heavy metal ions such as [Pb"', 
Cd , Cu , Hg' , Ni"', Mn , Zn' '] were determined by atomic absorption 
spectrophotometry (AAS). The distribution quantity is given by the ratio of 
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Table 3,4 
Effect of temperature on ion exchange capacity of poly-o-toluidineTh(l V)phosphate 
nano-composite cation exchanger on heating time for 1 hour 
S. No. Heating temperature Nation exchange 
capacity meq.dry.g-
%Retention of ion 
exchange capacity 
1 50 1.90 100 
2 100 1.90 100 
3 
"4 
150 1.90 100 
200 1.16 63 
5 250 0.92 61 
6 300 0.84 48 
7 350 0.52 27 
8 400 0.20 10.52 
9 500 0.08 40.21 
10 600 0.00 0.00 
amount of metal ion in the exchanger phase and in the solution phase. In other 
word, the distribution coefficient is the measure of a fractional uptake of metal 
ions competing for H^ ions from a solution by an ion-exchange material and hence 
mathematically can be calculated using the formula given as: 
m moles ot metal ions / gm of ion - exchanger . , -K -> i 
KA= :—-— (mlg ) .... 3.1 
m moles of metal ions / ml of solution 
i.e. Kj ^ (l-F)/FxV/M (mlg') 3.2 
Where / is the initial amount of metal ion in the aqueous phase, F is the final 
amount of metal ion in the aqueous phase, f^ is the volume of the solution (ml) and 
M is the amount of cation-exchanger (g). 
3.3.7. Separation Factor 
For the preferential uptake of metal ion, in the separation of a mixture of 
two metal ions, separation factor is determined. It can be defined and calculated 
as: 
Ku(A) 
Separation factor (a'^ B^ ) = 3.3 
Kd(B) 
Where Kj (A) and K^ , (B) are the distribution coefficient for the two competing 
species A and B in the ion-exchange system. The separation factor is the 
preference of the ion-exchangers for one of the two counter ion species. 
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3.4. Result and discussions 
Various samples of a new and novel organic-inorganic composite cation-
exchange material have been developed by the incorporation of electrically 
conducting polymer, poly-o-toluidine into the inorganic matrices of fibrous Th 
(IV) phosphate. Due to the high percentage of yield, better ion-exchange capacity, 
reproducible behavior, chemical and thermal stabilities, sample S-3 (Table 3.1) 
was chosen for detail ion-exchange studies. The composite cation-exchange 
material possessed a better Na"^  ion-exchange capacity (1.90 meq g'') as compared 
to inorganic precipitate of fibrous type Th(lV phosphate (0.72 med g'') [27]. 
The ion-exchange capacity of the composite cation-exchanger for 
alkali metal ions and alkaline earth metal ions increased according to the decrease 
in their hydrated ionic radii Table 3.2. 
It is evident from fig 3.1 that minimum molar concentration of 
NaNOa as eluant for sample (S-3) was found to be 1.6 M for maximum release of 
H^ ions from 1 g of the cation-exchanger column. 
The elution behavior indicates that the exchange is quite fast because 
only 250 ml of sodium nifrate solution (1.6 M) is enough to release the total H^ 
from Igram sample of poly-o-toluidine thorium (1 V)phosphate cation-exchange 
material Fig 3.2. 
3.4.1. pH Titration 
The pH titration curves for poly-o-toluidine Th( 1 V)phosphate (S-3) was 
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® 1 6 
(0 
Q> 1 . 4 
(0 
::: o.s 
8 0.6 
E 0.2 
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 
concentration of NaN03 
Fig .3.1. Concentration plot of poly-o-toluidine Th(l V) phosphate 
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0.25 
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 
Volume of effluent (ml) 
Fig.3.2. The elution behavior of poly-o-toluidine Th (1V) phosphate cation-
exchange material. 
obtained under equilibrium conditions with NaOH/NaCl, KOH/KCl and 
LiOH/LiCl, systems indicated bifunctional behavior of the material as shown in 
Fig. 3.3.. For the sample S-3, the rate of H*-Na' exchange was faster than those of 
H"-K^ and H-Li"^ exchangers. 
3.4.2. Thermal Effect on Ion Exchange Capacity 
The ion-exchange capacity of dried composite cation-exchanger, sample 
(S-3) decreased as the temperature increased Table 3.4. The ion exchange capacity 
of the material was found stable up to 150 °C and it retained about 61% of the 
initial ion-exchange capacity by heating upto 250°C. 
3.4.3. Selectivity Studies 
In order to find out the separation capacity (S-3) of metal ions, distribution 
studies for several metal ions were performed in different solvent systems. In 
order to explore the potential of those composite material (S-3) in the separation of 
metal ions, distribution studies for 23 metal ions were performed in 15 solvent 
systems it was observed from the data given in Table 3.6 that the kj- values vary 
with the nature of the contacting solvents. It was observed from the (k^) values in 
1X10- 'M CH3COOH, 1X10- 'M CH3COOH, 10% DM SO and 1x10"'M H2SO, 
solvent systems, Hg"' was strongly adsorbed on the surface of ion-exchange 
material. Thus The studies showed that the material was found to be highly 
selective for Hg(ll) which is an important environmental pollutant. 
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Table 3.5 
Separation factor of different metal ions on poly-o-toluidine Th(l V) phosphate 
nano composite cation exchanger materials 
Separation factor DMW 1 X 10''HClO4 1 X 10"^MHNO3 
a'" 2.64 5.81 1.75 
a"' 150 300.00 2.30 
a,. 
3.30 12.00 2.32 
3.00 37.27 2.51 
a"' 66.00 300 116.00 
21.25 2.27 1.85 
"ft 
a"' 
2.13 
2.00 
0.83 
12^00 
150.00, 
1.66 
a'" 2.64 6.97 4.64 
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Table 3.6 
K4-values of some metal ions on poly-o-toluidine Th(l V)phosphate nano-composite cation exchanger 
column in different solvent system 
\Solvents 
MetalX 
ions \ ^ 
Mg'^' Ba-' Ca'^ ir Pb-' Hy'^ Al'" Hr' Fe'^ Ce Co Zn-^ Ag' Cu'^ Cd-'' 
1 
D M W - 200 100 8 425 (16 5 7 20 200 . 1 - • > 20 400 25 25 25 
HNO-, 
14 50 36 - 260 200 100 140 300 26 50 ,10 ' 45 43 43 
IO"M 
HNO, 
-
15 13 20 150 1 16 25 .1.1 - 00 25 50 66 25 25 
IQ-'M 
HNO; 
-
600 50 70 - - - - - 25 - 100 10 - " 
10" M 
HCIO4 
- 66 
"70"" 
-14 
40 ' 
25 
113 
300 
150" 
SO 1 1 57 2y 25 - 44 43 43 
10"M 
HCIO4 
14 - 23 400 18 - -
10-'M 
HCiOj 
' l oo " 
16 
67 
13 
60 
40 
400 
140 
260 
140 
400 
500 
43 
600 
40 
66 
40 
100 
80 
43 150 
50 
-» -» 
-t ."l -
50 "^ 10""M 
CH-COOH 
1 16 50 
10"-M 
CH-.COOH 
100 50 58 90 1 16 400 1000 16 - 50 50 275 120 63 63 
10"'M 
CH;COOH 
~ 1 16 50 40 180 87 - 36 66 1 00 63 250 200 67 67 
CH.COOH 
+ 
CH.COOH 
134 180 200 100 375 275 120 150 60 66 87 150 5 100 100 
10% 
DMSO 
56 700 57 200 300 223 43 30 100 80 50 366 18 
- -
10% 
Acetone 
70 45 50 200 400 60 16 66 130 60 233 80 
- -
20% 
Formic 
acid 
160 166 100 150 
~ ~ " - 20 20 
1G"'M 
HjS04 
20 17 160 75 400 200 300 60 100 - 7 50 50 
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3.4.4. Separation Factor 
The separation factor is the proportion of the concentration ratios of the 
counter ions in the ion exchanger and the solution. If the ion A is preferred, the 
factor is larger then unity, and if B is preferred, the factor is smaller then unity. 
The numerical value of the separation factor is not affected by the choice of the 
concentration units. The numerical values of the (dimension less) some metal ions 
are given in Table 3 5. The values of separation factor of Hg' are greater then 
unity, which indicates that the proportion of Hg^ ^ in the ion exchange material is 
higher in comparison to the other metal ions. 
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Chapter-4 
Preparation and 
characterization of poly-o-
toiuidine Tii(1V)pliospiiate 
Nano-compositeCation-
Exciianger Based lon-
Exciianger iVIembrane and 
ion-Selective IVIembrane 
Electrode 
Chapter 4 
4.1. Introduction 
Ion selective electrode is an important tool allowing the sensitive and 
selective determination of various ions in the wide range of concentration []]. 
Precipitate based ion selective membrane electrodes are well known as they are 
successfully employed for the determination of several anions and cations [2], 
There are some homogeneous as well as heterogeneous hybrid ion-exchange 
membranes. Homogenous ion-exchange membranes are coherent ion-exchanger 
gels in the shape of disks, ribbons etc. The heterogeneous precipitate ion exchange 
membranes consist of suitable colloidal ion-exchanger particles as electro-active 
materials embedded in polymer (binder), poly (vinyl chloride) (PVC) or epoxy 
resin (Araldite) or poly styrene, polyethylene, nylon etc., by physical mixing or 
chemical reaction and have been extensively studied as potentiometer sensors [3-
9]. Therefore, ion exchange membrane also finds application in diverse processes 
such as (eletrodailysis, diffusion dialysis, electro-de-ionization, membrane 
electrolysis, fuel cells, storage batteries, electro-chemical synthesis etc), which are 
energy source and environmental saving. 
Now a days, the use of organic-inorganic composite ion-exchange 
materials formed by the combination of inorganic precipitate and organic polymer 
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as electro-active components in membrane electrodes has generated widespread 
interest in developmg new ion selective electrodes using as sensors- for sensor 
applications [10-13], especially for the determination of heavy toxic metals [14,15], 
Therefore, we also made an effort to develop new and novel composite 
cation-exchange material through incorporating of electrically conducting organic 
polymers into the matrices of inorganic precipitate of multivalent metal acid salt 
that are attractive for the purpose of creating high performance of high functional 
polymeric materials with good electrochemical properties. The research work was 
carried out to obtain new heterogeneous precipitate based membrane ion-selective 
electrodes poly-o-toluidine Th(l V)phosphate composite as electro-active phase for 
the determination of Hg(II) ions present in the solution. This chapter represents the 
preparation, characterization and fabrication of ion exchanger membrane and ion 
selective membrane electrode based on the aforesaid nano-composite material. 
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4.2. Experimental 
4.2.1. Reagents and Instruments 
The main reagents used for the synthesis of the material were obtained from 
CDH, Loba Chemie, E-merck and Qualigens (India Ltd., used as received). All 
other reagents and chemicals were of analytical grade. 
A digital pH - meter (Ehco Li-10, India), double beam atomic absorption 
spectrophotometer (GBC 902, Australia), a digital potentiometer (Equiptronics EQ 
609, India, accuracy ±0.1 mV with a saturated calomel electrode as reference 
clootiodo. ;iii clccltoiiif li;il;incc ((ligital) (Sarkirius 2 I OS, Japan) and an agate 
mortar pastel were used. 
The stock solution of 1x10' M Hg(ll) was prepared in double distilled 
water ( DMW). The solution was standardized by complexometric titration [16]. 
The workmg .standardl solutions (1 x 10"' M to 1x10''^  M) were prepared by proper 
dilution of the stock solution. 
4.2.2. Preparation of Electro-active Phase: Poly-o-toluidine Th(lV)phosphate 
Nano-composite Cation Exchanger 
A number of samples of poly-o-toluidine Th(l V)phosphate nano-
composite cation-exchange material were prepared as described m Chepter-2. The 
sample ( S-3) was chosen for the potentiometric studies. 
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4.2.3. Preparation of Ion-Exchange Membrane 
The ion-exchange membrane was prepared by employing an electro active 
ion-exchange material into a polymer binder. For this electro-active component 
poly-o-toluidine Th(lV)phosphate nano-composite (S-3) material was taken to be 
embedded in polyvinyl chloride (PVC). 
4.2.4. Preparation of Poly-o-toluidine Th(lV)phosphate Membrane 
The Coetzee et, al. was employed to the preparation of ion exchange 
membrane, 100 mg of poly-o-toluidine Th(lV) phosphate material was grounded 
and mixed with PVC (Ciba-Geigy, India Ltd.) (200 mg) in 1:1 (w/w) ratio. Three 
sheets of different thickness 0.15, 0.17, 0.22 mm of master membrane were 
prepared. The sheets were cut in the shapes of discs using a sharp edge blade. 
4.3. Characterization of Membrane 
Physico-chemical characterization is important to understand the performance 
of membrane. Thus some parameters such as porosity, water content, swelling, 
thickness, etc. were determined as described elsewhere [17-20]. 
4.3.1. Water Content (% Total Wet Weight) 
First, the membrane were soaked in water to elute diffusible salt, blotted 
quickly with Whatmann filter paper to remove surface moisture and immediately 
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weighted. These were further dried to a constant weight in a vacuum over P2O5 for 
24 h. The water content (total wet weight) was calculated as: 
W — W % Total wet weight = -^ ^ x 100 
Where Wd = weight of the soaked/wet membrane and W w = weight of the dry 
membrane. 
4.3.2. Porosity 
Porosity (s) was determined as the volume of water incorporated in the 
cavities per unit membrane volume from the water content data: 
A L p „ 
Where Wy^ = weight of the soaked/wet membrane, Wj - weight of the dry 
membrane, A = area of the membrane, L ~ thickness of the membrane and pw = 
density of water. 
4,3.3. Thickness and Swelling 
The thickness of the membrane was measured by taking the average 
thickness of the membrane by using screw gauze. Swelling is measured as the 
difference between the average thicknesses of the membrane equilibrated with 1 
M NaCI for 24h and the dry membrane. 
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4.4. Fabrication of Ion -Selective Membrane electrode 
The membrane sheet of 0.17 mm thickness as obtained by the above 
procedure was cut in the shape of disc and mounted at the lower end of a Pyrex 
glass tube (o.d. 0.8 cm, i.d. 0.6) with araldite. Finally the assembly was allowed to 
dry in air for 24 h. The glass tube was filled with solution of the ion (as reference) 
towards which the membrane is selective and keep dipped in an identical solution 
of the same ion at room temperature. In case of poly-(;-toluidine Th(l V) phosphate 
nano-composite ion-selective membrane electrode, the glass tube was filled with 
O.IM mercuric nitrate solution. A saturated calomel electrode was inserted in the 
tube for electrical contact and another saturated calomel electrode was used as 
external reference electrode. The whole arrangement can be shown as: 
Internal 
reference 
electrode 
(SCE) 
Internal 
electrolyte 
0.1 MHg^" 
Membrane 
Sample 
solution 
External 
reference 
electrode 
(SCE) 
Following parameters were evaluate to study the characteristics of the electrode 
such as lower detection limit, electrode response curve, response time and working 
pH range. 
4.5. Electrode Response or Membrane Potential 
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To determine the electrode response, a series of standard solutions to be 
studied of varying concentrations were prepared. External electrode and ion 
selective membrane electrode are plugged in digital potentiometer and the 
potentials were recorded. 
For the determination of electrode potentials the membrane of the electrode 
was conditioned by soakmg in O.IM Hg(N0.i)2 solution for 5-7 days and for I h 
before use. When electrode was not in use electrode must be kept in 0.1 M 
selective ion solution. Potential measurement was plotted against selected 
concentration of the respective ion in aqueous solution as given in Fig 4.1. 
4.6. Effect of pH 
pH solution ranging from 1-13 were prepared at constant ion concentration 
i.e (1 ^\0' M). The value of electrode potential at each pH was recorded 
Tablt'.4.1 and plot of electrode potential versus pH was plotted Fi;^  4.2. 
4.7 The response time 
The method of determining response time in the present work is being 
outlined as follows; 
The electrode is first dipped in a 1 x 10""^  M solution of the ion concerned 
and immediately shifted to another solution of 1 x 10'^ M ion concentration of the 
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Fig. 4.1. Calibration curve of poly-o-toluidine Th(l V) phosphate membrane 
electrode in aqueous solutions of Hg(N03)2. 
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Table 4.1 
Effect of pH on electrode response of Hg ion selective poly-o-toluidine 
Th(l V)phosphate membrane electrode at ( 1 x 10' M ) 
Measured electrode potential (-mV) 
pH 
i 
Membrane electrode—» Poly-o-toluidine Th(l V) phosphate 
1 345 
2 365 
3 390 
4 410 
5 411 
6 410 
7 412 
8 410 
9 415 
10 435 
11 445 
12 460 
13 470 
07 
Table 4.4 
Selectivity coefficient values for Hg^ ^ selective poly-o-toluidine 
Th(l V)phosphate-poly-vinyl chloride membrane electrode of mercury ions 
Interfering ions (M"^) Selectivity coeiTicicnt values 
Zn'' 0.025 
Cd^ ^ 0.055 
Cu^ ^ 0.040 
Mg- 0.035 
Co^^ 0.020 
Na* 0.005 
K^  0.9500 
Fe'^ 0.400 
Cr^ ^ 0.910 
Mn'" 0.900 
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same ion (10 fold higher concentrdlion). The potential of the solution was read at 
zero second; just after dipping of the electrode in the second solution and 
Subsequently recorded at the intervals of 5 s (Table. 4.2). The potentials were then 
plotted vs. the time (Fig 4.3). 
4.8. Life Span of the Membrane 
For this study, the electrode responses were noted for one or more weeks 
over weak and response curve is drawn for the data. The electrode response curve 
showed that the response remains constant over a period of time. After this period 
the electrode starts behaving irregular, therefore cannot be used for any 
measurements. This period in which the electrode response is constant can be 
termed as life of electrode 
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Fig.4.2. Effect of p on the potential response of the poly-o-toluidine Th(l V) 
phosphate membrane electrode ai 1 x 10''M Hg^'^concentration 
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Table 4.2 
Response of Hg^ "^  ion selective membrane electrode of poly-o-toludine 
Th(l V) phosphate at different time intervals (at 1 x 10'^  M ) 
Time sec 
i 
Membrane electrodes —• 
Measured electrode potential (-mV) 
Poly -o-toluidine Th(l V )phosphate 
00 400 
05 410 
10 415 
15 425 
20 430 
25 442 
30 442 
35 442 
40 442 
45 442 
50 442 
55 442 
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4.9 RESULT AND DISCUSSION 
In this Chapter, organic-inorganic nano-composite cation exchanger poly-o-
toluidine Th(lV) phosphate was used for the preparation of heterogeneous ion-
selective membrane electrode. 
4.9.1. Characterization of Composite Cation-Exchanger Membrane 
Sensitivity and selectivity of the ion- selective electrodes depend upo the 
nature of electro-active material, membrane composition and physico-chemical 
properties of the membranes employed. A number of samples of the poly-o-
toluidine Th(lV) phosphate nano-composite membrane were prepared with 
different amount of composite and PVCand checked for the mechanical stability, 
surface uniformity, materials distribution, cracks and thickness, etc. But the 
membranes obtained with 50% PVC (w/w) were found to be good. 
The results of thickness, swelling, porosity and water content capacity of 
poiy-o-toluidine Th(lV)phosphate nano-composite cation-exchanger membrane 
are summarized in Table 4.3 The membrane sample M-2 (thickness 0.17mm) was 
selected for further studies. Thus low order of water content, swelling and porosity 
with less thickness of this membrane suggest that interstices are negligible and 
diffusion across the membrane would occur mainly through the exchanger sites. 
4.9.2. Potentionieteric Studies of Heterogeneous Poly-o-toluidine Th (IV) 
phosphate Nano-composite Membrne Electrode 
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Table 4.3 
Characterization of ion exchange membrane 
Poly-o-tuluidme 
Th(lV)Phosphate 
Nano-composite 
Thickness of 
the membrane 
(mm) 
0.15 
Water content as 
% weight of wet 
membrane 
Porosity Swelling of % weight of 
wet membrane 
M-1 0.02517 2.16x10"'' Not swelling 
M-2 0 17 0.01957 1.85x10"' Not swelling 
M-3 0.22 0.13397 2.16x10"' Not swelling 
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Poly-0-toluidine Th(lV) phosphate nano-composite membrane (S-3) was 
fabricated into ion-selective electrode and the membrane electrode was placed in 
O.IM Hg(N03)2 solution for 7 days to get it conditioned. After conditioning the 
electrode, the potentials for a series of standard solution of the Hg(N03)2 in the 
range lO'V to 10"' M were measured at a fixed concentration of Hg^^  ion as 
internal reference solution. 
Potentials of the membrane electrode were plotted against the selected 
concentration of the Hg '^^ ions (Fig.4.1) and gives Imear response in the range 1 
xlO'' M and 1 x 10" '^M. Suitable concentration were chosen for sloping portion of 
the linear curve. The limit of detection, is determined from the intersection of the 
two extrapolated segments of the calibration graph [21] was found to be 1 xlO"^M, 
and thus the working concentration range is found to be 1 xlO"' M to 1 xlO'^M for 
Hg ions with a lower Nerstian slope of 26.97 mV per decade change in Hg ion 
concentration, the slope value is close to Nerstian value, 29.6 mV per 
concentration decade for divalent cation. Blow 1 x lO'^  M none linear response 
was observed that could be used for analytical applications [22]. 
pH effect on the potential response of the electrode were measured for a 
fixed concentration of Hg^* ions in different pH values. The measurements were 
carried out at different concentrations (I x 10'^  M and 1 x lO'^  M) of Hg^ "" ion 
solutions but the results were recorded only for 1 x 10'^  M ion solutions (Table 4.1 
). From the table it is clear that electrode potential remains unchanged with in the 
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4.0-8.0 (Fig 4.2). From the plot it is ascertained that the pH range in which 
potential not changed is known as working pHfor this electrode. 
Another important factor is the promptness of the response of the ion-
selective electrode. The average response time is defined [23] as the time required 
for the electrode to reach a stable potential after successive immersion of the 
electrode in different Hg'^ ' ion solutions each having a 10-fold difference in 
concentration. 
The response time in contact with 1 x 10" M Hg" ion solution was 
determined (Table 4.2) for the membrane electrode and the result are shown in 
(Fig 4.3). It is shown that the response time of the membrane sensor is found to 
b e - 2 5 s. 
The membrane could be successfully used upto two months without any 
notable drift in potential during which the potential slope is reproducible within ±1 
mV per concentration decade. Whenever a drift in the potential is observed, the 
membrane is re-equilibrated with 0.1 M Hg (NO3) 2 solutions for 3-4 days. 
The selectivity coefficients, K""" ug.M of various differing cations for the Hg(ll) 
ion selective poly-o-toluidine Th(lV) phosphate nano-composite membrane 
electrode were determined, by the mixed solution method [24]. The selectivity 
coefficient indicates the extant to witch a foreign ion (M"') interferes with the 
response of the electrode towards its primary ions (Hg^). By examine the 
selectivity coefficient data given ui Table 4.4, show that the electrode is selective 
for Hg(li) in presence of interfering cations. 
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Fig.4.4. Potentiometric titration of Hg(II) against EDTA solution using poly-o-
toluidine Th( IV) phosphate PVC membrane electrode 
4.9.3. Determination of Hg by Potentiometer Titration's Using Poly-o-
toluidine Th(lV) phosphate Nano-composite Membrane Electrode 
The practical utility of the proposed membrane sensor assembly was tested 
by its use as an indicator electrode in the potentiometer titration of Hg(ll) with 
EDTA. The addition of EDTA causes a decrease in potential as a result of the 
decrease in the free Hg (II) ions concentration due to its complexation with EDTA 
(Fig 4.4). The amount of Hg(ll) ions in solution can be accurately determined 
from the resulting neat titration curve providing a sharp rise in the titration curve 
at the equivalence points. 
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Fig.4.3. Time response curve of poly-o-toluidine Th(lV) phosphate 
membrane electrode 
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Chapter-5 
Conclusion 
Chapter 5 
5.1. Conclusions 
In this study a novel organic-inorganic composite cation-exchange material 
is synthesized by the mcorporation of polyaniline derivative; poly-o-toluidine mto 
the matrix of fibrous inorganic thorium (IV) phosphate precipitate. The composite 
cation-exchange material was found to be a nano-particle size with better ion 
exchange capacity and highly selective for mercury The polymer selected is poly-
o-toluidine after careful scrutiny of the literature survey and its chemical synthesis 
by standard oxidative polymerization as found in literature was successfully 
applied. 
The preparation methodology of this composite (poly-o-toluidineTh(lV) 
phosphate) cation-exchanger is a successful modification of such materials 
mentioned in the literature, providing a new class of "organic-inorganic" hybrid 
ion-exchangers possess fairly good yield, better mechanical and granulometric 
properties, good ion-exchange behavior, higher chemical, mechanical as well as 
thermal stabilitities, reproducibility behavior, as is evident from the fact that these 
materials obtained from various batches did not show any appreciable deviation in 
their percentage of yield and ion-exchange capacities. 
The composite material was characterized by means of some instrumental 
techniques such as TEM, SEM, FT[R, TGA-DTA, X-ray, elemental analysis, 
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AAS, (JV/VIS spectrophotometry etc. Transmission electron microscope 
photograph (TEM) of the composite material shows that the poly-o-toluidine 
Th(lviphosphate composite cation-exchanger material is nano-composite. 
Scanning electron microscope (SEM) photographs of poly-o-toluidine, Th(lV) 
phosphate and poly-o-toluidione Th(IV) phosphate obtained at different 
magnifications, indicating the binding of inorganic ion-exchange material with 
organic polymer, i.e. poly-o-toluidine. The SEM pictures showed the difference in 
surface morphology of organic polymer, inorganic precipitate and composite 
material. It has been revealed that after binding of poly-o-toluidine with Th(IV) 
phosphate, the morphology has been changed. The X:ray powder diffraction 
pattern of poly-o-toluidine Th(IV) phosphate composite cation-exchanger 
exhibited small peaks in the spectrum that suggesting semi-crystalline nature of 
the composite material. The chemical composition, tentative formula and structure 
of the composites were determined on the basis of FTIR, TGA-DTA, elemental 
analysis, AAS, UV/VIS spectrophotometric studies. 
This material possessed a better Na' exchange capacity (1.90 meq g'') as 
compared to Th(lV) phosphate (0 72 meq g''). The solubility experiment showed 
that the material has reasonable good chemical stability as the results indicated 
that the material was resistant to different acids, bases, organic solvents etc. The 
chemical stabihty may be due to the presence oi" l)inding polymer, which can 
prevent the dissolution of heteropolyacids sols or leaching of any constituent 
element into the solution. 
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The distribution coetTicient (IQ) values obtaining from sorption 
(selectivity) studies indicate that the composite cation-exchange material was 
found to be highly selective for Hg^* ions. The adsorption behavior of this cation-
exchanger is promising in the field of pollution chemistry where an effective 
separation method is needed for Hg(II) from other pollutants. 
Since use of ion-selective electrodes offer several advantages over other 
analytical techniques, such as rapid, accurate and low cost analysis, hence the 
development of ion-exchange membrane electrodes has also been carried out in 
the present studies. The chemical, thermal and mechanical strength of the prepared 
composite materials can be utilized to make its ion-selective membrane electrode 
for the selective determination of Hg in the solutions. The ion-exchange 
membrane electrode was prepared by incorporation of the composite cation-
exchanger (as electro-active) in an inert matrix PVC. The ion-exchange membrane 
obtained with 2:1 ratio of PVC and ion-exchanger material was found as a 
transparent film that can be used in the optical devices. The efforts have been 
made to develop the ion-exchange membrane electrodes having quick response 
and enough lifetime in the determination of toxic heavy metal ions in synthetic 
samples as well as real samples like effluents, wastewaters, etc. The heterogeneous 
precipitate Hg(ll) ion-selective membrane electrode obtained from poly-o-
toiuidine Th(IV) phosphate cation-exchanger material was utilize with satisfactory 
detection limits in the given range of 1 x 10"' to 1 x 10"^  M with a slope of 26.97 
mv per decade change in Hg(II) ion concentration. The slope value is blow to 
123 
29.6 mV per concentration decade for divalent cations with quick response 25 
seconds, high working pH range of 4.0-8.5, and enough hfe time 2 months for the 
selective determination of heavy toxic metal ions i.e. Hg . The proposed 
composite cation-exchanger membrane electrode assembly was also employed for 
the titration of Hg(N03)2 solution against EDTA solution that also established 
their practical and analytical utility. Finally, we hope that the various 
physiochemical properties and analytical applications studied on this composite 
material will be helpful and encouraging resource for the material as well as 
environmental scientists to do further research work in this field. 
5.2. Possible Applications 
• Non-linear optics 
• Nano-wires 
• reinforced lightweight components 
• sensors 
• Creating heterostructures multifunctional material 
• Water softening 
• Separation of toxic and hazardous ionic species 
• Nuclear separations and nuclear medicine 
• Catalysis 
• Electro dialysis 
• Hydrometallurgy 
• Effluent treatment 
• Ion selective electrodes 
• Chemical sensors 
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• Ion memory effect 
• Ion exchange membranes 
• Proton conductors 
5.3. Suggestions for Future Work 
The research work done in this dissertation will be continued for the 
development of the materials. The research is going on-
• To develop simple selective and economical "organic-inorganic" composite ion-
exchange materials having selectivity towards heavy toxic metal ions and 
radioactive elements to decrease the pollution load of the environment. 
• To study the adsorption of pesticides on the composite cation exchanger to 
reduce water and soil pollution load. 
• To check the radiation effect on the ion exchange capacity and conductivity of 
the composite cation exchange material. 
• To study about the ion-exchange kinetics and adsorption of pesticides 
(adsorption thermodynamics) on these materials. 
• To develop electrically conducting nano-composite materials with higher 
electrical conductivity for their use in various electronic and photonic systems. 
• To more studies of electrical behavior of electrically conducting "organic-
inorganic" composite ion-exchange materials. 
• Furthermore, to study m detail, the electrically conducting composite lon-
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exchange materials used as electrochemically switchable ion-exchangers for water 
treatment; especially for water softening. 
• Efforts will be made to use these composites as adsorbents for air (i.e. gas 
separations) by controlling their electrical conductivity, 
• A detailed study of composite ion-exchangers used as a catalysts for reaction of 
gases and of liquids or solutes. 
• Thin layer Chromatographic separation, identification, determination of 
pharmaceuticals and related drugs in drugs formulations and biological samples. 
• To develop ion-selective electrodes for a number of heavy toxic elements with 
detection limits down to parts-per-million (10""* M), which is possible by studying 
the underlying chemical principles and modifying the nature of electro active 
materials. 
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